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FOREWORD 


This document was prepared by the Boeing Aerospace Company for the National 
Aeronautics and Space Administration, Langley Research Center in compliance 
with Contract NASl-15644, "Design, Fabrication and Test of Graphite/Polymide 
Composite Joints and Attachments for Advanced Aerospace Vehicles." 

This report is one of five that fully document contract results. It is the 
Data Report for the Task 2.0 "Bonded Joint Tests." 

Dr. Paul A. Cooper was the contracting officer's technical representative for 
the full contract and Gregory Wichorek was the technical representative for 
design allowables testing of Cel ion 6000/PMR-15, Boeing performance was 
under the management of Mr. J. E. Harrison. Mr. D. E. Skoumal was the 
technical leader. Major participants in this program were Stephen H. Ward, 
Stephen F. McCleskey and James B. Cushman, Structural Development and 
Sylvester G. Hill, Materials and Processes. 

Certain materials are identified in this publication in order to specify 
adequately which materials were investigated. In no case does such identifi- 
cation imply recommendation or endorsement of the material by NASA, nor does 
it imply that the materials are necessarily the only ones or the best ones 
available for the purpose. 
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1.0 SUMMARY 


This report sumnarizes a test/analysis program of bonded composite joints 
conducted for NASA under Contract NASl-15644. The objective of the program 
was to establish a limited data base describing the influence of variations in 
basic design parameters on the static strength and failure modes of graphite/ 
polyimide (Gr/PI) bonded joints for use at elevated temperatures. 

An initial literature search was conducted to seek experimental data and 
analyses concerned with standard bonded joints. While various research pro- 
grams have dealt with epoxy bonded metal and epoxy bonded composite joints, 
few programs featuring polyimide materials and specifically bonded graphite/ 
polyimide composites were found in the open literature. 

A test plan was developed to investigate the effects of geometric and material 
parameters and elevated temperature on the static strength of "standard" 
joints. Single and double lap composite joints, and single, double, and step 
lap composite to metal joints were characterized. Tests were also conducted 
to measure shear strength, shear modulus and flatwise tension strength of the 
chosen adhesive system. 

Finite element analyses were conducted to evaluate modeling techniques and to 
assess effects of lamina stacking sequence and adhesive filleting on single 
and double lap bonded composite joints. 

Test specimens were fabricated from a Gr/PI system: Cel ion 3000 graphite fiber 
and PMR-15 polyimide resin. Joint bonding utilized a LARC-13 modified adhe- 
sive designated A7F. A total of 653 tests were conducted to evaluate effects 
of lap length, adherend thickness, adherend axial stiffness, lamina stacking 
sequence and adherend tapering. All specimens were subjected to a condition- 
ing of 125 hours at 589K (600°F) prior to testing at 116K (-250°F), 294K 
(70°F) and 561K (550°F). 



An additional test matrix of “advanced" joints was established based on the 
results of the "standard" tests. The advanced joints, consisting of preformed 
adherends, adherends with scalloped edges and joints with hybrid interface 
plies, were tested and compared to baseline single and double lap designs. 

Test results indicated that single lap joints can be designed and fabricated 
that will carry from 123 to 385kN/m (700 to 2200 Ib/in) at 561K (550®F) and 
double lap and symmetric step lap attachments would be effective in the 438 to 
875kN/m (2500-5000 Ib/in) range at 561K (550°F). The predominate failure mode 
was intralaminar shear and peel of the composite. The few adhesive failures 
that occurred were primarily on the high temperature tests of the composite- 
to- titanium joints. 

The "advanced" joint tests indicated that a significant improvement in joint 
efficiency is available through geometric modifications and hybrid material 
additions at the adherend interfaces. 

Correlation of test results for single lap composite-to-composite joints and 
to a limited degree for the titanium-step lap joints was achieved with closed 
form analytical models. Empirical correlations were developed for single and 
double lap joints. 



2.0 INTRODUCTION 

Advanced designs for high-speed aircraft and space transportation systems 
require more efficient structures for operation in the 533K (500°F) to 589K 
(600°F) temperature range. Design data are needed for bonded and bolted com- 
posite joints to support advanced design concepts. An experimental program to 
develop several types of graphite/polyimide (Gr/PI) bonded and bolted joints 
was funded under NASA contract NASl-15644. 

The program was designed to extend the current epoxy-matrix composite tech- 
nology in joint and attachment design to include high temperature polymide 
matrix composites. It provides an initial data base for designing and fabri- 
cating Gr/PI lightly loaded control surface structures for advanced space 
transportation systems and high speed aircraft. The objectives of this pro- 
gram were two-fold: first, to identify and evaluate design concepts for 

specific joining applications of built-up attachments which could be used at 
rib-skin and spar-skin interfaces; second, to explore concepts for joining 
simple composite-composite and composite-metallic structural elements, iden- 
tify the fundamental parameters controlling the static strength characteris- 
tics of such joints, and compile data for design, manufacture, and test of 
efficient structural joints using the Gr/PI material system. The major tech- 
nical activities followed two paths concurrently. TASK 1 consisted of design 
allowable testing and design and test of specific built-up attachments. TASK 
2 evaluated standard and advanced Gr/PI and Gr/PI to titanium bonded joints. 

An overall program flow for the two tasks is shown in Figure 2-1. 

This document presents the analysis and test results of TASK 2, shown enclosed 
in a dashed box in Figure 2-1. The primary objectives were to provide data 
useful for evaluation of standard bonded joint concepts and design proce- 
dures, to provide the designer with increased confidence in the use of bonded 
high-performance composite structures, and to evaluate possible modifications 
to the standard joint concepts for improved efficiency. 


3 . 



This is one of five reports that fully document the results of activities per- 
formed under NASA contract NASl-15644. The other four reports are: 

1. "Design Allowables Test Program, Cel ion SOOO/Pf'R-lS and Cel ion 6000/PMR- 
15 Graphite/Polyimide Composites," NASA CR-165840 

2. "Design, Fabrication and Test of Graphite/ Polyimide Composite Joints 
and Attachments " - Surmary, NASA CR-3601 

3. "Design, Fabrication and Test of Graphite/ Polyimide CcKnposite Joints 
and Attachments" - Data Report, NASA CR-165955 

4. "Analysis and Test of Graphite/Polyimide Bonded Joints" - 
Summary, NASA CR-3602 


Measurement Units 

All measurement values in this report are expressed in the International 
System of Units and in U.S. Customary Units. Actual measurements and calcula- 
tions were made in U.S. Customary Units. 
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Figure 2-1 : TASK 1 and TASK 2 PROGRAM FLOW 





















3.0 LITERATURE SURVEY AND PERFORMANCE TRENDS 


The initial phase of the design activities was to conduct a literature survey 
to obtain information on graphite/polyimide composites pertinent to this pro- 
gram. The search was not limited to graphite/polyimide composites since the 
available literature on this specific subject is limited and design guide 
methods and parameters for other composites would also be applicable to this 
program. The following sources were searched using a wide range of key words 



SOURCE 

TIME FRAME 

0 

NASA 

1978-1979 

0 

NTIS 

1964-1979 

0 

CHEM ABSTRACTS 

1972-1978 

0 

ISMEC-MECH. ENGR. 

1973-1977 

0 

ENGINEERING INDEX 

1970-1978 

0 

SCISEARCH 

1974-1978 

0 

BOEING COMPANY 

1974-1979 


DOCUMENTS 


0 

BOEING TECHNICAL 

1974-1979 


LIBRARY 



A Defense Documentation Center (DDC) literature search was also conducted to 
obtain other references. This search used a narrow range of key words to 
avoid encountering a large quantity of miscellaneous references. 

Approximately 1500 articles and reports were identified as potentially rele- 
vant and based on the abstracts about 200 were selected for further study. 
Brief summaries of each report reviewed are reported in NASA Contract Reports 
Numbers CR159108 through CR159115. Review of current literature was an "on- 
going” process during the performance period of this program. 

The following is a summary of the expected performance trends of bonded joints 
with respect to various parameters, resulting from the literature search and 
finite element analyses. Unless otherwise noted, these statements apply to 
both single and double lap joints: 



0 Increasing the lap length increases joint strength towards an 
as^onptote. 

0 Increasing the axial and flexural stiffness of the adherends 
increases joint strength {because of peel stresses). 

0 Increasing the adherend thicknesses increases joint strength 
towards an asymptote. 

0 Stiffness balanced joints are stronger than unbalanced joints 
(because of reduced peel stresses). 

0 Tapering the ends of the adherends increases joint strength 
(because of reduced peel stresses). 

0 Placing a "softer" ply group at the joint interface (+45° vs. 0°) 
results in a more uniform shear strain along the joint interface, 
thus increasing double lap joint strength. 

0 Single lap joints which have adherends with equal thermal expansion 
coefficients are stronger at 116K (-250°F) and 294K (70°F) than 
joints which have adherends that have thermal expansion imbalances. 
This is caused by increased moment and peel stresses in the 
adherend/adhesive resulting from the residual thermal stresses 
present in the joint. The effect of a thermal expansion imbalance 
Is small at 561K (550°F) since this is close to the cure temperature 
(thermal stress free state). 

0 Composite (GR/PI) to metal (titanium) double lap joints have a 

thermal imbalance. This suggests that these joints would not be as 
strong as an "all -composite" joint. However, because the inner 
adherends are titanium and this is where the greatest peel stresses 
occur, these joints are stronger, since inter lamina failures would 
occur in a composite inner adherend. 
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Increasing the temperature will reduce residual stresses, soften 
the resin, and slightly reduce the strength of the composite adher- 
end. The net result is an increase in joint strength with increas- 
ing temperature because of a reduction in severity of stress 
concentrations. This assumes that the reduction in basic composite 
and adhesive material properties is small at the elevated 
temperature. 



4.0 TEST PLAN DEVELOPNENT , 

4.1 Standard Joint Test Matrices 

The objective of the standard joint test program was to evaluate different 
types of bonded joints and the various parameters that affect joint perfor- 
mance. Standard bonded joints frequently used in industry are shown in Fig. 
4-1. Single lap, double lap and symmetric step-lap joints as shown in Figure 
4-2 were selected as the joint types to be evaluated. Analyses of these joint 
types are common in the literature and they represent types commonly used in 
aerospace structures. Test matrices were established to evaluate joint 
strength parameters of temperature, lap length, adherend thickness, adherend 
axial stiffness, laminate stacking sequence and adherend tapering. The base- 
line laminate was a quasi-isotrophic layup to be consistent with Task 1.0 
joints. In addition, nominal joint strengths were selected to be in the range 
required for Task 1.0 joint designs. Typical design loads ranged from 227 
kN/m (1300 Ibs/in) to 2100 kN/m (12,000 Ibs/in). 

Test matrices and specimen configurations are given in Figures 4-3 through 
4-10. All specimens were conditioned at 589°K (600°F) in a one atmosphere 
environment (air) for 125 hrs. prior to test. A total of 186 single lap 
joints, 258 double lap joints, and 18 symmetric step-lap joints were tested. 
Test temperatures were 11 6K (-250°F), 294K (70°F) and 561K (550°F). 

Based on results from the standard bonded joint testing, several advanced 
joint concepts were defined. These concepts and the corresponding test matrix 
are described in Section 8.0. 

To maintain consistency through the joint test program, the specimen number- 
ing system given below was used. 


3A 

la 

- 

2 

lA 

Test 

Test 


Cond. 

Item 

Matrix 

No . 


Code 

No . 



The letter following the item number was a temperature code as defined below 
A - Ambient Room Temperature 

C - 117K (-250°F) 

H - 561K (550°F) 

A "data set" refers to all the test data for a specific test matrix and test 
number (i.e., data set 3A-la) and includes data for all the temperatures 
tested. 

4.2 Joint Test Procedures 

All bonded joint tests were performed in the Boeing materials test labora- 
tories. Specimens were loaded to failure in a Baldwin universal test 
machine as shown in Figure 4-11. Load was applied at a load rate of 
8.9 KN/min (2000 Ibs/min). 

Room temperature tests were conducted in the normal laboratory environment 
(nominally 294K (70°F)). No special environmental conditioning was used. 

For the elevated temperature tests (561K (550°)) the specimens were placed in 
an enclosure as shown in Figure 4-12 that was electrically heated using 
resistance heating elements. Temperatures were controlled to +6K (+^10°F) by 
placing thermocouples on the specimens which were connected to a Thermae Model 
624A temperature controller. 

For the 116°K (-250°F) tests, specimens were placed in an enclosure similar to 
that shown in Figure 4-12 but that was cooled by evaporating liquid nitrogen. 
Temperatures were controlled to +6K (+10°F) by placing thermocouples on the 
specimens which were connected to an electro-pneumatic controller that pumped 
in the 1 i quid/ gaseous nitrogen. 

All specimens were brought to temperature and then soaked for 10 minutes prior 
to test. 



Specimen dimensions were measured and recorded prior to test. Specimen 
number, test temperature and ultimate failure load were recorded. 
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Figure 4-1: STANDARD BONDED JOINT CONFIGURATIONS 
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Figure 4-3: TEST MATRIX 3A, STANDARD JOINT, SINGLE LAP, GR/PI-GR/PI E>E>E> 
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Figure 4-4: TEST MATRIX 3B. STANDARD JOINT, SINGLE LAP, 6R/PI-T1 E>lt>B> 
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Figure 4-5: TEST MATRIX 3C. STANDARD JOINT, SIN6LE LAP TAPERED ADHERENOS, 6R/PI-6R/PI E>t>t> 
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E> Celion 3000 (NR150B2 Finish)/PMR-15 prepreg. "^OTAL 192 

A7F (LARC-13, Amide-Imide modified) adhesive. 

Condition specimens by soaking for 460 ks (125 hours) at 589K (600*F) In a 
one (1) atmosphere envir'onment (air). 

Figure 4-6: TEST MATRIX 3D. STANDARD JOINT. DOUBLE UP, GR/PI-GR/PI [T>E>[£> 
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B> CillM 3000 (miS0B2 F1n1sh)/PMR-1S prepreg. 
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Figure 4-7: TEST MATRIX 3E. STANDARD JOINT. DOUBLE LAP, GR/PI-T1 
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E> Cellon 3000 (NR150B2 F1n1sh)/PMR-15 prepreg. 

A7F (LARC-13, Amlde'-Imlde modified) adhesive. 

E> Condition specimens by soaking for 125 hours at 589K (600*F) In a 
one (1) atmospheric environment (air). 

Figure 4-8: TEST MATRIX 3F. STANDARD JOINT, DOUBLE LAP. TAPERED ADHERENDS.6R/PI-GR/PI £> B> B> 
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Figure 4-9: TEST MATRIX 3G, STANDARD JOINT, SYM. STEP LAP, GR/PI - TITANIUM 
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NOTE: Joint Co-Cured With An Adhesive Primer Only 
Figure 4-10: TEST MATRIX 3G, SPECIMEN CONFIGURATION 







5.0 MATERIALS 


Graphite fibers, polyimide resin and the adhesive system used for this program 
were contractual ly specified by NASA/Langley. i Following are descriptions of 
the principal materials used. Typical mechanical properties are listed in 
Table 5-1. 

Composites 

The bonded composite joints characterized under this program were made from 
laminates of graphite fibers preimpregnated with polyimide resin. The graph- 
ite fibers were Celanese Corp. Cel ion 3000 with NR-150B2G polyimide sizing. 

The polyimide resin was P MR-15, processed according to the procedures devel- 
oped under Contract NASI -15009. P MR-15 is an addition- type, thermosetting 
polyimide system originated by NASAAewis and further studied by Boeing under 
NASA/LaRC sponsored "CASTS"* studies. Material was procured from U.S. Poly- 
meric Inc., Santa Ana, CA to the material specification in Reference 1. 

Qual ity control test results for the Cel ion 3000 prepreg lots used are given 
in Sections 7.1 and 8.1 for the standard and advanced joints respectively. 
Chemical characterization tests of the resin system were also conducted, 
using high pressure liquid chromatography, gas chromatography, mass spectro- 
scopy, infrared spectroscopy, and thermal gravametric analysis. 

The advanced joint fabric interfaces were made from graphite/polyimide and 
S-glass/polyimide fabrics. The Cel ion 3000 181 style graphite fabric was 
preimpregnated in the Boeing Materials Technology laboratory using U.S. Poly- 
imeric's PMR-15 resin. The S-glass 181 style fabric prepreg was procured from 
U.S. Polymeric. 

*Composites for Advanced Space Transportation Systems (Contracts NASl-15009 
and NASl-15644) 



Fiberglass/polyimide prepreg used in making specimen load tabs was 7781 style 
E-glass with F174-1 polyimide resin. Material was procured from Hexcel Corp. 
in Livermore, CA 94550. 

Adhesive 

The high temperature adhesive system tested under this program was designated 
A7F. This adhesive system is a 50:50 resin solids copolymer blend of NASA 
LaRC supplied LARC-13 adhesive (supplied by NASA Langley) (Ref. 2) and AMOCO' s 
AI-1130 L Amide-Imide. Sixty percent by weight aluminum powder was added to 
improve high temperature performance. Five percent by weight Cab-o-sil was 
added as a thickening agent. The material was blended to a uniform consist- 
ency and spread on 6 mil 112 style E-glass cloth with A-llOO finish to make an 
adhesive film for bonding operations. 

Titanium 

Titanium used was 6A1-4V (Standard) purchased to MIL-T-9046, Type III Comp. 

C. 
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Table 5-1; TYPICAL ROOM TEMPERATURE WTERIAL PROPERTIES 


MATERIAL 

MPa Cksi] 

^T 

GPaOO^Psi] 

MPa (ksi] 

®xy 

MPa (ks1) 

GTE 

cm/aB-K 

(in/in®F) 

CELION 3000/PMR-15* 
(51.4% FV) 

OO 

90^^ 

(0/+45/90)^5 

1289 (187] 
45 C6.61 
476 (69) 

130 (18.8) 

8.3 U.2) 

50.3 (7.3) 



(1.5)xl0"® 

ADHESIVE* 

A7F 



16 (2.3) 

80 (11.6) 

17.5 (9.7) 

TITANIUM 

6A1-4V 

924 (134) 

110 (16) 

544 (79) 

43 (6.2) 

9.7 (5.4) 


* Aged 125 Hrs at 589K (600®F) 
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6.0 ADHESIVE CHARACTERIZATION 

To support design and analysis of bonded joints it was necessary to character- 
ize the adhesive system being used. Adhesive used in this program, designated 
A7F (LARC-13 Amide-Imide modified), is described in section 5.0. This section 
describes the test matrix, specimen fabrication procedures, test procedures, 
and presents test results of testing conducted to characterize A7F high 
temperature adhesive. 

6.1 Test Matrix 

The A7F adhesive test matrix. Matrix 2, is shown in Table 6.1. Specimen 
configurations are shown in Figures 6.1 through 6-3. 

Test 4 of Matrix 2 was subcontracted to the University of Delaware (U of D), 
Dr. 0. R. Vinson; however, the test specimens were fabricated by Boeing. 

6.2 Adhesive Specimen Fabrication Procedures 
Titanium Single Lap Shear Bonding 

Titanium 12.7 mm (0.5 inch) single lap shear specimens were fabricated using 
6A1-4V titanium finger panels and A7F adhesive. The finger panels were 
stamped out of 1.07 mm (.042 in) sheet titanium using a standard ST8813 
blanking die, milled on the bonding edge and deburred. 

Panels were surface treated for bonding with a chromic acid anodize process. 
This process consisted of solvent wiping and alkaline cleaning, hot water 
rinsing followed by anodization in a chromic acid solution, cold water rinsing 
and drying in a forced air oven at 339 K (150°F). 

The anodized parts were then primed with a dilute solution of A7F adhesive 
(containing 30% aluminum powder) and baked at 464 K(375°F) for 30 minutes to 
remove solvents. 
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Primed titanium panels were assembled with a 19.0 mm x 152 mm (.75 in x 6 in) 
strip of A7F adhesive film between the faying surfaces of the titanium adher- 
ends. The panels were placed on standard bonding tools designed to maintain 
the 12.7 mm (.5 in) overlap, vacuum bagged and cured in an autoclave at 602 K 
(625°F) using the conventional high temperature bagging materials outlined in 
Reference 2. The cured lap shear panels were post-cured in an oven at 589 K 
(600°F) for six hours. 

The titanium panels were then cut into individual lap shear specimens using a 
band saw equipped with a carbide tipped blade. After the bonded panels were 
cut into individual specimens, specimens were conditioned per the test matrix 
prior to testing. 

' Thick Adherend” Shear Specimens 

"Thick Adherend" lap shear specimens were fabricated from 6.4 mm (.25 in) 

) thick 6A1-4V titanium plate bond with A7F adhesive. Two 305 mm x 762 mm (12 in 

x 30 in) plates were surface treated using the chromic acid process and bonded 
together with A7F adhesive film using the same processing procedures as for 
the lap shear specimens. The bonded plate was C-scanned for voids. No 
apparent voids were detected. The bonded panel was sawed into strips approxi- 
mately 26.7 mm (1.05 in) wise and 305 mm (12 in) long. The strips were milled 
on both sawed surfaces to produce smooth and parallel edges on the specimens. 
The titanium bars then had slots milled in them to make the machined lap shear 
specimens with 25.4 mm (1.0 in) overlap as shown in Figure 6-2. 

Flatwise Tension Specimens 

Flatwise tension specimens were fabricated using 31.8 mm (1.25 in) diameter 
6A1-4V titanium load blocks bonded together with A7F adhesive film. The load 
blocks were bonded using the same surface treatment, priming, bonding, curing 
and post curing procedures used for the titanium single lap shear tests. To 
align the blocks during the bonding cycle, aluminum right angle extrusions 
) were cut approximately 7.6 mm (0.3 in) shorter than the assembled tension 
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specimen (two blocks + adhesive). The assembled tension„specimens were posi- 
tioned in the V area of the extrusion so that at least 2.5 mm (0.1 in) was 
extended beyond the angle blocks to insure adequate pressure on the blocks 
when curing. The angle assemblies were envelope bagged, and the adhesive 
cured in an autoclave using the A7F cure cycle as outlined in Reference 1. 
These specimens were conditioned per the test matrix prior to testing. 

Two prior attempts to bond the flatwise tension specimens were made using 
standard laboratory stainless steel load blocks. The aged specimens failed in 
conditioning, leaving most of the adhesive in a white powdery state. The 
cause of this problem was not determined. A change to titanium adherends was 
made and produced good bonds which subsequently failed cohesively. 

6.3 Adhesive Test Procedures 

Adhesive tests conducted at Boeing, tests 3 and 5, were performed in the 

Boeing materials test laboratories. Specimens were loaded to failure in a 

Baldwin universal test machine. Load was applied at a crosshead travel rate 
_2 

of 2.1 X 10" mm/sec (.05 in/min). 

Room temperature tests were conducted in the normal laboratory environment 
(nominally 294K (70°F)). No special environmental conditioning was used. 

For the elevated temperature tests (561K (550°F)) the specimens were placed in 
an enclosure as shown in Figure 4-12 that was electrically heated using 
resistance heating elements. Temperatures were controlled to +6K (+10°F) by 
placing thermocouples on the specimens which were connected to a Thermae Model 
624A temperature controller. 

For the 116K (-250°F) tests, specimens were placed in an enclosure similar to 
that shown in Figure 4-12 but that was cooled by evaporating liquid nitrogen. 
Temperatures were controlled to +6K (+10®F) by placing thermocouples on the 
specimens which were connected to an electro-pneumatic controller that pumped 
in the liquid/gaseous nitrogen. 
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All specimens were brought to temperature and then soaked for 10 minutes prior 
to test. Specimen dimensions were measured and recorded prior to test. 
Specimen number, test temperature and ultimate failure load were recorded. 

Specimens tested at the University of Delaware, test 4, were tested under 
tensile load using an Instron Model TTC test machine. Tensile load was 
applied at a constant rate of .005 cm/mi n. (.002 inches/min.) in all cases. 
Applied load and elongation were plotted on an x-y plotter. The tests were 
performed at three different temperatures; 116K (-250°F), ambient, and 561K 
(550°F). The temperatures were measured by direct contact of a thermocouple 
on the bond test section and monitored throughout the test. 

High temperature tests were performed in an "Applied Test Systems" oven 
capable of 589K (600°F). The warm-up time was approximately 1-1/2 hrs. for 
each test. 

For the 116K (-250°F) tests, a simple cooling box was built of plywood and 
lined with polyurethane foam. Liquid nitrogen was used as a cooling agent, 
and the air in the box was circulated with a small fan. To prevent condensa- 
tion and thus ice from forming on the specimen and the extensometer, several 
coils of copper tubing were placed across the bottom of the chamber. By 
allowing the liquid nitrogen to flow slowly through the coils first, the 
moisture in the chamber would condense on the coils and freeze, thus keeping 
the specimen and extensometer dry. The average cool-down time was approxi- 
mately 1/2 hr. The temperature was then controlled using a needle type flow 
control valve to regulate the liquid nitrogen flow. A ribbon type heating 
element was hung into the test chamber to greatly reduce the time required to 
bring the box and specimen back to room temperature after the test. 



Table 6-1: TEST MATRIX 2 - A7F 
(LARC-13 Amide-Imide Modified) ADHESIVE 


1 TEST 

CXtNDITIONING 

E> 

NUMBER OF TESTS AT 

TOTAL 

NUMBER 

OF 

TESTS 

TEST 

PROCEDURES 

SPECIMEN 

CONFIGURATION 

NO. 

TYPE 

116K 

(-250'’F) 

RT 

561 K 
(550"F) 

3 

SHEAR 

1 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

9 

9 

9 

ASTM 

D1002 

FIGURE 

6-1 

4 

SHEAR 

1 

2 

3 

3 

3 

3 

3 

3 

9 

9 

U of 0* 

Thick 

Adherend 

FIGURE 

6-2 

5 

TENSION 

1 

2 

3 

3 

3 

3 

3 

3 

9 

9 

ASTM 

D2095 

FIGURE 

6-3 


CONDITION CODE *U of D - University of Delaware 


1 - As cured/postcured 

2 - Soaked for 125 hours at 589 K (600°F) 

In a one (1) atmosphere environment (air) 

3 - Thermally cycled 125 times In a temperature 

range from 116K to 589K (-250'^F to 600°F) 
and In a one (1) atmosphere environment (air) 


12.7 irm 





(.50 In) 

25.4 im 
(1.00 In) 

i 



n 


, 101 .6 mm 

1 

(4.00 io)^jypj 


MATERIAL: TITANIUM 6A1-4V ANNEALED 

1.07 rrni (.042 in) NOM. 
BOND WITH LARC-13 (A7F) 
.254 wn (.01 In) THICK 

(ASTM 01002 STANDARD) 


Figure 6-1: TITANIUM SINGLE LAP SHEAR SPECIMEN 
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or CRES 


Figure 6-3: FLATWISE TENSION ADHESIVE TEST SPECIMEN 



6.4 Adhesive Test Results 

Adhesive test results are summarized and discussed in this section. Complete 
test results, by specimen, are located in Appendix A. 

Attempts to compression mold a "neat" adhesive (A7F) tension test specimen for 
Matrix 2, Test 1 were unsuccessful. The molds experienced some leakage during 
resin B-staging; however, the major problem was fracture of the brittle adhe- 
sive during cool-down and subsequent removal from the mold. The molded sheet 
would have to have undergone additional machining and handling after removal 
from the mold. Because of the brittle nature of the adhesive, there was a 
high probability there would be significant breakage during these operations. 
It was decided not to expend additional resources because of the low probabil- 
ity of success. Program schedules and cost prevented trying an alternate test 
procedure. Flatwise tension ultimate of the A7F under a constrained condi- 
tion, Matrix 2 Test 5, were used for analysis purposes. 

Test results of the standard 12.7 mm (0.5 in) single lap titanium-to-titanium 
shear tests (Matrix 2, Test 3) are shown in Figure 6-4, The data indicate a 
significant drop in shear strength due to aging and thermal cycling. Cured/ 
post-cured specimens showed a significant drop in shear strength at elevated 
temperature. The aged specimens, however, exhibited essentially the same 
shear strength over the entire temperature range. The thermally cycled speci- 
mens failed adhesively with a characteristic silver/gray color on the adher- 
ends. This indicates a possible deterioration of the aluminum powder in the 
adhesive formulation or its interaction with other constituents. 

The thick adherend tests (Matrix 2, Test 4) were conducted by Dr. J. R. Vinson 
at the University of Delaware. A summary of the test results is given in 
Figures 6-5 through 6-7. Since the thick adherend tests reduce peel stresses, 
it was expected that ultimate shear strengths would be higher than shown. 

Also, shear modulus and strain to failure data indicate an adhesive signifi- 
cantly more ductile than had been anticipated. 
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From Figure 6-5, it is seen that at room temperature the ultimate strength 
values of the cured/post^cured adhesive are very consistent, the standard 
deviation being only 1.58% of the mean value. It is also seen that statisti- 
cally there is no difference between the ultimate strength of the cured/post- 
cured and the aged adhesive at room temperature. However, the ultimate 
strength of the cured/post-cured adhesive diminishes by 47% at 561K (550®F) 
compared to room temperature; but the ultimate strength of the aged adhesive 
is reduced only by 17% at 561K (550°F) from the room temperature value. 

It is also seen that the ultimate strength of the cured/post-cured adhesive at 
116K (-250°F) is 35% higher than the room temperature values, while there is a 
corresponding 32% increase in the value of the aged adhesive. Again, at 116K 
(-250°F) there is no statistical difference between the ultimate strengths of 
the cured/post-cured and the aged adhesive. 

As shown in Figure 6-6, at 294K (70°F) the aged adhesive appears to have two 
distinct shear moduli (a bimodulus material). It therefore is difficult to 
draw conclusions between the cured/post-cured and aged adhesive at room 
temperature. 

Concerning the cured/post-cured adhesive, it is seen that at 561K (550'^F) the 
shear modulus has been reduced by 35% from the room temperature value, and is 
very consistent, the standard deviation being less than 1% of the mean value 
at 561K (550°F). 

As for the aged adhesive, the shear modulus at 561K (550°F) is almost identi- 
cal to the secondary modulus at room temperature. Furthermore, the shear 
modulus at 561K (550°F) is statistically not significantly different from the 
primary modulus at room temperature, because the standard deviations are so 
large. It is difficult to rationalize the low values for the 116K (-250°F) 
shear moduli compared to those of room temperature. 

From Figure 6-7, it is seen that the repeatability of the shear strain to 
failure is excellent at all temperatures. It is seen that at 294K (70°F) and 



561K (550°F) the aged adhesive is more ductile than the cured/post-cured 
adhesive, but the values at both room temperature and 561K (550°F) are sur- 
prisingly close. Again, it is surprising that the A7F adhesive appears to be 
more ductile at 116K {-250°F) compared to 294K (70°F) and 561K (550°F). 

A comparison of the room temperature values of the A7F adhesive with several 
lower temperature epoxy adhesives obtained by Flaggs and Vinson (Ref. 3) shows 
that the ultimate strengths of the A7F adhesives at room temperature fall in 
the same range as the epoxy adhesives. However the A7F adhesives are much 
stiffer and less ductile at room temperature. 

A comparison has also been made of single- lap shear test results for A7F 
adhesive using ASTM D 1002 procedures and "Thick Adherend" procedures (See 
Figure 6-8). Data are shown in Table 6-2. Results for cured/post cured 
specimens at 294K (70*^F) and 561K (550®F) are higher for the ASTM D 1002 
procedure than for the "Thick Adherend" procedure. This is contrary to what 
was expected because of peel stresses in the ASTM D 1002 specimens. ASTM D 
1002 results for aged specimens were only slightly higher than "Thick 
Adherend" results at 561K (550°F). There is really no explanation for these 
apparent anomalies other than possible material and processing variations. 
Adhesive thicknesses could have been different for the two specimen configu- 
rations. Also there may have been some edge effects during the curing or 
aging. The "Thick Adherend" specimens were conditioned as a single plate 
approximately 762mm (30 inches) wide and then cut into specimens. The ASTM D 
1002 specimens were made from standard titanium "finger" blanks 25.4nm (1.0 
inch) wide which may have contributed to edge effects. 

Tension test results of A7F adhesive bonding 31.8 mm (1.25 in) diameter bars 
end-to-end (Matrix 2, Test 5) are shown in Figure 6-9. All of the specimens 
failed cohesively. Cured/post-cured specimens had stainless steel bars, 
while aged specimens used titanium bars. 
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) 

Coefficient of thermal expansion (CTE) tests on A7F adhesive were performed 
under contract Task 1.2.1 and are reported in Ref. 4. Test results are shown 
in Figure 6-10 and are included here for completeness. 


) 


) 
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12.7 mm 


6K 

250°F) 


1.04 mm 
■(.041 1n.) 


^erage 


Data Range 


561 K 
( 550 '^ 


294K 561 K 
(70°F)(550°F) 


CONDITION CODE 

1. Cured/Post Cured 

2. Aged 125 hrs 9 589K (600°F) 

3. Cycled 125 times 

116K (-250°F) to 589K (600?F) 

Figure 6-4: Matrix 2, Test 3, 12.7mm (0.50 In), Single Lap 

Titanium/Titanium,! .04 mm (.041 In) Adherends A7F Adhesive 






) 


) 


(3000) 



( 1000 ) 


116K 



CONDITION CODE 


1. Cured/Post Cured 

2. Aged 125 hrs 9 589K (600°F) 

Figure 6-5: ULTIMATE SHEAR STRENGTH OF "A7F” ADHESIVE "THICK ADHEREND" TESTS 
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CONDITION CODE 


1 . Cure/Post Cured 

2. Aged 125 hrs. 9SS9K (600°F) 


Figure 6-6: SHEAR MODULUS OF ”A7F” ADHESIVE "THICK ADHEREND" TESTS 







Average 



1 . Cured/Post Cured 

2. Aged 125 hrs. 9 589K C600°F) 

Figure 6-7: ULTIMATE SHEAR STRAIN OF ”A7F" ADHESIVE "THICK ADHEREND" TESTS 
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^ — Titanium 
6A1-4V 

Standard ASTM D1002 
SINGLE LAP SHEAR SPECIMENS 


r 1 .02 mm 
(.04 In) 


i 



Figure 6-8: COMPARISON OF ASTM D1002 SINGLE UP SHEAR 

AND "THICK ADHEREND" SPECIMEN CONFIGURATIONS 


Table 6-2: COMPARISON OF ASTM D1002 SINGLE-UP SHEAR 

AND "THICK ADHEREND" SINGLE-LAP 
SHEAR TEST RESULTS— "A7F" ADHESIVE 


CONDITIONING 

TEMPERATURE 
K CF) 

AVERAGE SHEAR STRESS 

ASTM D1002 
Mpa (psi) 

THICK ADHEREND 
Mpa (psi) 

Cured/Post-Cured 

116 (-250) 
294 (70) 
561 (550) 

20.7 (3003) 

19.7 (2853) 
13.5 (1963) 

22.6 (3274) 

16.7 (2425) 
8.8 (1275) 

Aged 125 hrs. 

• 589K (600®F) 

116 (-250) 
294 (70) 
561 (550) 

14.8 (2140) 
14.1 (2047) 
14.3 (2080) 

21.2 (3076) 
16.1 (2333) 

13.3 (1933) 
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FAILURE STRESS 




P 



Figure 6-9: FLATWISE TENSION STRENGTH— "AyF” ADHESIVE 
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COEFFICIENT OF THERMAL EXPANSION (CTE) 



CONDITION CODE 


1 , Cured/Post Cured 

2. Aged 125 hrs. 0 589K CSOOl'^F 

Figure 6-10: COEFFICIENT OF THERMAL EXPANSION— "A7F" ADHESIVE 
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7.0 STANDARD BONDED JOINTS 


) 

7.1 Standard Joint Specimen Fabrication 

Standard bonded joint test specimens were fabricated using Cel ion 3000/PMR-15 
graphite/polyimide prepreg, 6A1-4V tianiLsn, A7F adhesive, and E-glass polyi- 
mide prepreg for load tabs. Graphite/polyimide material lot numbers used for 
the various test sets are given in Tables 7-1 through 7-3. Table 7-4 is a 
summary of the quality control test results for each prepreg lot used. 

Figure 7-1 shows the bonded joint fabrication flow. The Gr/PI prepreg was 
laid up per the test matrices and cured on a large flat tool per the proce- 
dures in Reference 1. The cured laminates were C-scannned for voids and 
checked against the control standard for acceptance or rejection of the lami- 
nates. A large number of the laminates were remade because of voids, surface 
porosities, and/or delaminations between plies. 

) 

To minimize the number of autoclave cycles, more than one laminate was cured 
on the tool in each autoclave run when space was available. This procedure 
was later determined to be part of the curing problem which caused porosities 
and delaminations. The application of pressure during the autoclave came too 
late for proper curing unless the temperature was monitored from the thinnest 
laminate. Normally, pressure is applied when the thickest portion of a part 
reaches temperature. This curing problem was not resolved until much later in 
the program. 

Gr/PI adherend panels were trimmed, adherends tapered where applicable, and 
doublers cut to the proper sizes in preparation for bonding. The panels were 
lightly sandblasted, and wiped with reagent grade MEK solvent to remove resi- 
dues from the sanding and trimming operations. Laminate doublers, for double 
lap joints, were primed with A7F on the faying surfaces only and the panels 
baked in an oven at 339 K (150°F) for 30 minutes. 

) 
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The titanium panels were surface treated using the chromic acid anadize proc- 
ess as described in Section 6.2. The titanium was then primed with A7F 
adhesive primer applied with a brush, and the panels baked using the above 
cure cycle. 

The primed adherends were assembled for bonding with a strip of A7F adhesive 
film between the faying surfaces, using soft aluminum pins in the trim areas 
of the panels to hold the assemblies together for bonding. Titanium for the 
Gr/PI-titanium joints was received as 25.4 rim (1.0 inch) wide strips. A 
special bonding jig was used to align the titanium strips to allow the 
required number to be bonded simultaneously to a single laminate. The panel 
assemblies were envelope bagged and cured using the A7F cure cycle as given in 
Reference 1. 

The A7F adhesive film used to bond the panels for this test matrix was 
prepared in the Boeing Material Technology Laboratories. The 112 E-glass 
cloth with A-llOO finish was stretched over a frame and the A7F adhesive 
brushed on. The adhesive was dried and the process repeated until the desired 
thickness, .254 mm (.010 in), was achieved. 

The bonded panels were then conditioned per the test matrix. Following condi- 
tioning, the bond areas were C-scanned for disbonds. Assemblies were sawed 
into individual specimens using a band saw equipped with a carbide blade. 

Edges of each specimen were sanded after cutting to assure uniformity. 

To fabricate the symmetric step-lap specimens the titanium adherends were 
milled to the desired dimension using maskant and chemical milling solutions. 
The titanium was then chromic acid anodized and primed with A7F adhesive per 
the same procedure as described previously. The Gr/PI prepreg was layed-up on 
the titanium steps, and the assemblies bagged and co-cured per NASA CR 159182. 
No adhesive scrim was used. Both the ''3-step" and "5-step" panels were cured 
in the same bag. 
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The cured panels were C-scanned to detect voids, delaminations, etc. The "3- 
step" panels showed clear C-scans. The “5-step" panels had clear C-scans in 
the Gr/PI laminate and in the first two or three steps away from the center 
Gr/PI portion. The last two steps had extensive voids, with disbonds to the 
titanium visually noticeable in some places. 

The "5 -step" panels were remade using the previous procedure except a coat of 
liquid A7F adhesive was applied over the cured primer on the titanium. C- 
scans of the cured panels showed no improvement from the previous panels. 

Fabrication of the "5-step" panels a third time was made using the above 
procedures except that the liquid A7F adhesive was dried 30 minutes at 339 K 
(150°F) and another 5 minutes at 464 K (375°F) to remove solvents. C-scans of 
the cured panels indicated that there was a slight improvement in bonding, but 
the panels were still unsatisfactory. 

Because of time and money constraints, and the lack of a good process, the "5- 
step" lap joints were deleted from the test matrix. Subsequently, work on 
this program indicated that the bonding problem with these joints may have 
been due to the uneven heating of the titanium and the composite. Uneven 
temperatures were caused by the titanium being a good thermal conductor 
whereas the Gr/PI is only a fair conductor* The prepreg that was laid up on 
the titanium steps had cured or advanced past the gell stage when the pressure 
was applied during the cure cycle. Thus, the outer two steps were never 
bonded well onto the titanium because the Pf^-15 resin and A7F primer were 
cured or partially cured when the pressure was applied. 
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Table 7-2: SUffWRY OF MATERIAL LOTS USED FOR SPECIMEN 
FABRICATION, DOUBLE-LAP JOINTS 


TEST SET NUMBER 

MATERIAL LOT NUMBER 

Inner Adherend 

Outer Adherend 

3D - lA 

2W4632 

3W2020 

3D - IB 

2W4632 

3U2020 

3D - 1C 

2W4632 

3W2020 

3D - 2A 

2W4651 

3W2020 

3D - 2B 

2W4582 

3H2020 

3D - 2C 

2W4632 

3W2020 

3D - 3A 

2W4632 

3W2020 

3D - 4A 

2W4632 


3D - 5A 

3W2020 

2W4632 

3D - 6A 

2W4632 

3W2020 

3D - 7A 

2W4632 

2W4043 

2W4632 

3E - lA 

Titanium 

2W4604 

3E IB 

Titanium 

2W4604 

3E - 2A 

Titanium 

2W4632 

3F - lA 

2W4643 

3W2020 

2W4651 


Table 7-1 : SUMMARY OF MATERIAL LOTS USED FOR 
SPECIMEN FABRICATION, SINGLE LAP JOINTS 


TEST SET NUMBER 

MATERIAL LOT NUMBER 

3A - lA 

2W4604 

3A - IB 

2W4582 

3A - 1C 

2W4604 

,3A - 2A 

2W4604 

3A - 3A 

2W4582 

3A - 4A 

2W4651 

3A - 5A 

3W2020, 2W4604 

3A - 6A 

3W2020 

3A - 7A 

2W4632 





3B - Ic 

2W4604 

3C - la 

3W2020 


Table 7-3: SUMMARY OF MATERIAL LOTS USED FOR SPECIMEN 
FABRICATION, SYMMETRIC STEP-LAP JOINTS 


TEST SET NUMBER 

MATERIAL LOT NUMBER 

3G - lA 

2W4781 


















Table 7-4: SUMMARY OF QUALITY CONTROL TEST RESULTS - CELION 3000/PKR-15 


PROPERTY 

REQUIREMENTS 

2W4582* 

2W4604 

2W4632 

2W4643 

2W4651 

3W2020** 

2W4781 

Fiber Volume, 5» (Volume) 
Resin Content, X (Weight) 
Specific Gravity g/cc 
Void Content, % 

58 +2 
30 +3 
1.54 
1 

51.4 
41.3 
1.54 
< 1 

58.5 

34.4 
1.57 
< 1 

57.2 
35.4 
1.56 
< 1 

57.8 

33.9 
1.54 

1.9 

57.5 

34.6 
1.56 
1.1 

58.7 

33.6 

1.57 

1 

41.5 

FI exural 
Strength 
HPa (ksi) 

At Ambient 

1515 

(220) 

1489 

(216) 

1282 

(186) 

1544 

(224) 

1537 
(223) ' 

1517 

(220) 

1378 

(200) 

1489 

(216) 

At 589K (600*F) 

757 

(no) 

958 

(139) 

807 

(117) 

889 

(129) 

862 

(125) 

772 

(112) 

855 

(124) 

634 

(92) 

Aged, at 589 K (600°F) 

757 

(no) 

958 

(139) 

896 

(130) 

951 

(138) 

1000 

(145) 

862 

(125) 

862 

(125) 


Flexural 
Modulus 
GPa (msi) 

At Ambient 

117 
( 17) 

119 

(17.2) 

113 

(16.4) 

113 

(16.4) 

122 

(17.7) 

118 

(17.1) 

115 

(16.7) 

135 

(19.6) 

At 589 K (600°F) 

103 
( 15) 

105 

(15.3) 

112 

(16.2) 

128 

(18.3) 

114 

(16.5) 

105 

(15.2) 

109 

(15.9) - 

no 

(16) 

Aged, at 589 K (600°F) 

103 
( 15) 

109 

(15.9) 

127 

(18.4) 

137 

(19.8) 

114 

(16.5) 

107 

(15.5) 

104 

(15.1) 


Short Beam 
Shear 
Strength 
MPa (ksi) 

At Ambient 

96 

( n) 

99 

(14.4) 

98 

(14.2) 

105 

(15.2) 

94 

(13.7) 

95 

(13.8) 

96 

(14.0) 

93 

(13.5) 

At 589K (600°F) 

41 

( 6) 

66 

( 9.6) 

56 

(8.1) 

50 

( 7.2) 

52 

( 7.5) 

50 

( 7.2) 

57 

( 8.3) 

48 

(6.9) 

Aged, at 589 K (600*F) 

41 

( 6) 

63 

( 9.2) 

56 

(8.1) 

54 

( 7.9) 

52 

( 7.5) 

52 

( 7.5) 

56 

{ 8.1) 



* Average of Two Rolls 

** Average of Four Rolls 





Figure 7-1 : BONDED JOINT FABRICATION FLOW 













7.2 Standard Joint Test Results 


The test results obtained for the single and double- lap joints had a signifi- 
cant amount of data scatter. Normally large scatter can be attributed to 
processing and manufacturing variables. However, since all adherend lami- 
nates received strict process control no conclusive explanation was found for 
the data scatter. To establish a feel for the quality of the data, standard 
deviations and coefficients of variation were calculated for all the test 
results. Coefficients of variation for the single lap joints range from 0.047 
to 0.410 and for the double lap joints from 0.023 to 0.355. The ”3-step" 
symmetric step lap joints had very little data scatter with coefficients of 
variation from 0.032 to 0.087. 

In an attempt to find an explanation for the large standard deviations, 
scanning-electron microscope (SEM) photos were taken of the failure surfaces 
of four specimens. Photos were taken of two single lap joints and two double 
lap joints. Each pair was the same joint configuration and consisted of one 
specimen which had failed at a high load and one which had failed at a low load 
(See Figures 7-2 and 7-3). Three photos of each specimen were taken near the 
end of the overlap region. Comparing the specimens in Figure 7-2 (single lap) 
and the specimens in Figure 7-3 (double lap), there is no obvious difference 
between the failure surfaces for the specimens with the high failure load and 
those with the low failure load. Based on this and because of the data 
scatter, it was decided to make comparisons between joint types and perform 
analysis/correlations based on average failure loads only. It is possible 
that the data scatter may have masked the effect of parameter changes and thus 
affected the conclusions drawn from the test results. 

Actual thicknesses of the adherends varied from the nominal thickness by up to 
2.1%, Most of the variation was on the high side. These thickness variations 
complicated the task of analyzing the test results by introducing another 
variable. This is more critical for the single-lap joints than the double-lap 
joints. The single-lap joint's strength is more dependent on the flexural 



stiffness of the adherends, which varies with the cube of the adherend thick- 
ness, than the double lap joints strength. Flexural stiffnesses for the 
single lap joints, based on actual measured thicknesses are given in Table 
7-5. Stiffness were calculated using the average "per ply" thickness obtained 
by dividing the total thickness by the number of plies. 

In most cases, the all composite (Gr/PI-Gr/PI) joints exhibited an intra- 
limina failure mode. This failure mode consists of a failure within a ply, as 
opposed to an interlamina failure where the failure occurs between the plies. 
In most cases, for both single and double lap joints, the intralamina failure 
occurred in the ply nearest the joint interface, with the failure occurring 
for the double lap joints in the inner adherends. Figure 7-4 shows a typical 
specimen exhibiting this failure mode. Some of the exceptions to this failure 
mode were the specimens with a + 45° plies at the joint interface and the 
tapered adherend specimens. Both of these had intralamina and interlamina 
failures in the first few plies. 

The "Gr/P I -titanium" joints had adhesive failures over a portion of the joint 
for some specimens at all test temperatures. The majority of the 561 K 
(550°F) specimens experienced this type of failure. The remaining specimens 
exhibited intralamina and/or interlamina failures in the Gr/PI plies near the 
joint interface. Figure 7-5 shows a typical adhesive failure, while Figure 
7-6 shows a typical interlamina failure. 

Tables 7-6 through 7-10 summarize the test data for the single, double and 
step-lap joints. Shown are the average failure loads (nominally of 6 data 
points) with corresponding standard deviations and coefficients of variation, 
and average joint stress (avg load/(lap length*width) . To give an indication 
of how well the joint is performing the joint structural efficiency and weight 
coefficient are also given. The structural efficiency is defined as the 
average failure load divided by the adherend ultimate strength as given below. 
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structural Efficiency = P/F^^t 

P = Average Failure Load 

F^“ = Ultimate Stress of Adherend 

t = thickness of Adherend 

The weight coefficient is an efficiency type of parameter and is defined in 
Figure 7-7. It is desirable to maximize this parameter, achieving the great 
est load for the least added weight. 

Average test results shown include all the test data. No data have been 
censored from any data set. There are some cases where deletion of test 
results for specimens that had different failure modes than others from the 
same set resulted in an improved correlation of the data. Such areas are 
noted and discussed as applicable in the following sections. 

A complete set of test results, by specimen, is given in Appendix B. It 
should be noted that the average joint stress has little meaning, due to the 
highly nonlinear distribution of the shear stresses at the joint interface. 
It is included here for completeness, as much of the literature surveyed 
reports joint strength results in terms of the average shear stress in the 
joint. 












Table 7-5: ADHEREND FLEXURAL STIFFNESSES FOR SINGLE LAP JOINTS 
(Based on Actual ThicknessesV 


TEST 

SET 

ACTUAL 
THICKNESS 
ran (in) 

FLEXURAL STIFFNESS - 

LAYUP 

294K (70°F) 
N-m (lb~in) 

561 K (550°F) 
N-m (lb-in) 

3A-7A 

1.70 

(.067) 

29.27 

(259.1) 

29.97 (265.3) 

(0/+45/90),,; 

3A-1A 

1.75 

(.069) 

32.20 

(285.0) 

32.97 (291 .8) 

(0/+45 790)35 

3A-1B 

1.93 

(.076) 

42.93 

(380.0) 

43.84 (388.0) 

(0/+45/90)35 

3A-1C 

1.88 

(.074) 

39.38 

(348.5) 

40.32 (356.9) 

( 07 + 45 / 90)35 

3 A- 2 A 

1.75 

(.069) 

46.82 

(414.4) 

48.03 (425.1) 

(0/+45703)„ 

3A-3A 

1.60 

(.063) 

19.55 

(173.0) 


(+ 45 / 0 / 90)35 

3A-4A 

1.50 

(.059) 

24.22 

(214.4) 


( 037 + 453 / 903)5 

3A-6A 

2.95 

(.116) 

140.0 

(1239.6) 


(0/+45/90)55 

3C-1A 

2.95 

(.116) 

140.0 

(1239.6) 


(0/+45/90)j5 
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7"6 SUIMAR Y OF BONDED SINGLE LAP JOINT TEST RESULTS ~ QR/P I TO QR/P I 

(A) St UNITS 





AVERAGE 


COEFFICIENT 

AVERAGE 

AVERAGE 

ADDED 

AVERAGE 



LAP 

FAILURE 

STANDARD 

OF 

JOINT 

JOINT 

JOINT 

WEIGHT 

TEST 

TEMPERATURE 

LENGTH 

LOAD 

DEVIATION 

VARIATION 

STRESS 

EFFICIENCY 

WEIGHT 

COEFFICIENT 

SET 

K 

Nil 

KN 

KN 


MPA 


N/M 


3A-1A 

116. 

25.70 

2.33 

.40 

.173 

3.56 

.100 

.71 

1 .29E5 

3A-1A 

294. 

25.95 

3.65 

.68 

.185 

5.53 

.156 

.72 

2.00 

3A-1A 

561 . 

25.67 

4.91 

.68 

.138 

7.45 

.210 

.71 

.2.71 

3A-1B 

116. 

52.15 

3.47 

.18 

.052 

2.59 

.134 

1 . 59 

.86 

3A-1B 

294. 

52.24 

3.56 

.24 

.068 

2.67 

.138 

1.58 

.89 

3A-1B 

561 . 

52.32 

3.89 

.46 

.118 

2.89 

.150 

1 .59 

.96 

3A-1C 

116. 

77.55 

5.30 

.54 

.102 

2.64 

.208 

2.29 

.91 

3A-1C 

294. 

77.47 

5.33 

.93 

.174 

2.66 

.209 

2.28 

.92 

3A-1C 

561 . 

77.30 

6.41 

1.37 

.214 

3.24 

.254 

2.30 

1.10 

3A-2A 

116. 

51.16 

5.67 

.79 

.140 

4.35 

.131 

1 .41 

1.58 

3A-2A 

294. 

51 .05 

5.26 

.79 

.150 

4.06 

.122 

1.41 

1 .47 

3A-2A 

561 . 

51.29 

9.71 

1 .08 

.111 

7.42 

.224 

1.42 

2.70 

3A-3A 

294. 

51 .02 

5.30 

.57 

.108 

4.07 

.248 

1 .29 

1 .62 

3A-4A 

294. 

51.56 

5.35 

2.19 

.410 

4.02 

.264 

1.22 

1 .73 

3A-SA 

116. 

51.56 

2.47 

.15 

.062 

1 .87 

.161 

1.41 

.69 

3A-SA 

294. 

51 .39 

2.90 

.75 

.259 

2.20 

.188 

1.39 

.82 

3A-SA 

561. 

51.51 

4.14 

1.44 

.347 

3.14 

.270 

1.40 

1.16 

3A-6A 

294. 

51.48 

5.03 

.39 

.077 

3.77 

.126 

2.38 

.83 

3A-7A 

116. 

13.42 

2.94 

.44 

.148 

8.62 

.130 

.36 

3.22 

3A-7A 

294. 

13.38 

2.67 

.27 

.101 

7.87 

.118 

.36 

2.92 

3A-7A 

561 . 

13.29 

3.22 

.53 

.165 

9.55 

.142 

.36 

3.56 

3C-1A 

294. 

51.27 

6.22 

.82 

.132 

4.69 

.156 

1.84 

1.33 



TABLE 7-8 CONCLUDED 
(B) US CUSTOMARY UNITS 





AVERAGE 


COEFFICIENT 

AVERAGE 

AVERAGE 

ADDED 

AVERAGE 



LAP 

FAILURE 

STANDARD 

OF 

JOINT 

JOINT 

JOINT 

WEIGHT 

TEST 

TEMPERATURE 

LENOTH 

LOAD 

DEVIATION 

VARIATION 

STRESS 

EFFICIENCY 

WEIGHT 

COEFFICIENT 

SET 

F 

IN 

LBS 

LBS 


PSI 


LB/IN 


3A-1A 

-250. 

1 .012 

524. 

91 . 

.173 

517. 

.100 

4.06E-3 

1 .29E5 

3A-1A 

70. 

1 .022 

821. 

152. 

.185 

802. 

.156 

4.10 

2.00 

3A-1 A 

550. 

1 .018 

1 103. 

152. 

.138 

1080. 

.210 

4.07 

.2.7! 

3A-TB 

-250. 

2.053 

780. 

41 . 

.052 

376. 

.134 

9.07 

.86 

3A-1B 

70. 

2.057 

805. 

54. 

.068 

387. 

.138 

9.04 

.89 

3A-1B 

550. 

2.060 

874. 

103. 

.118 

419. 

.150 

9.10 

.96 

3A-tC 

-250. 

3.053 

1192. 

121 . 

.102 

383. 

.208 

13.10 

.91 

3A-1C 

70. 

3.050 

1199. 

208. 

.174 

385. 

.209 

13.03 

.92 

3A-1C 

550. 

3.043 

1442. 

308. 

.214 

470. 

.254 

13.11 

1.10 

3A-2A 

-250. 

2.014 

1274. 

178. 

.140 

631 . 

.131 

8.06 

1.58 

3A-2A 

70. 

2.010 

1183. 

178. 

.150 

588. 

.122 

8.05 

1.47 

3A-2A 

550. 

2.019 

2184. 

243. 

.111 

1077. * 

.224 

8.09 

2.70 

3A-3A 

70. 

2.009 

1191 . 

128. 

.108 

590. 

.248 

7.35 

1.62 

3A-4A 

70. 

2.030 

1203. 

493. 

.410 

583. 

.264 

6.95 

1.78 

3A-5A 

-250. 

2.030 

556. 

34. 

.062 

272. 

.161 

8.08 

.69 

3A-SA 

70. 

2.023 

653. 

189. 

.259 

319. 

.188 

7.96 

.82 

3A-5A 

550. 

2.028 

930. 

323. 

.347 

455. 

.270 

8.02 

1.16 

3A-6A 

70. 

2.027 

1130. 

88. 

.077 

547. 

.126 

13.61 

.83 

3A-7A 

-250. 

.528 

661 . 

98. 

.148 

1250. 

.130 

2.05 

3.22 

3A-7A 

70. 

.527 

599. 

81 . 

.101 

1141 . 

.118 

2.05 

2.92 

3A-7A 

550. 

.523 

724. 

119. 

.165 

1385. 

.142 

2.03 

3.56 

3C-1A 

70. 

2.018 

1398. 

185. 

.132 

680. 

.156 

10.51 

1.33 




TABLE 7-7 

SUMMARY 

OF BONDED 

SINGLE LAP JOINT TEST 

RESULTS 

- QR/Pt TO 

TITANIUM 






ia; 

SI UNITS 



- 





AVERAGE 


COEFFICIENT 

AVERAGE 

AVERAGE 

ADDED 

AVERAGE 



LAP 

FAILURE 

STANDARD 

OF 

JOINT 

JOINT 

JOINT 

WEIGHT 

TEST 

TEMPERATURE 

LENGTH 

LOAD 

DEVIATION 

VARIATION 

STRESS 

EFFICIENCY 

WEIGHT 

COEFFICIENT 

SET 

K 

MM 

KN 

KN 


MPA 


N/M 


3B-1A 

116. 

25.61 

2.47 

.32 

.131 

3.85 

.135 

.80 

1.22E5 

3B-1A 

294. 

25.74 

2.90 

.42 

.144 

4.48 

.159 

.80 

1.42 

3B-1A 

561 . 

25.74 

4.96 

1 .46 

.294 

7.66 

.271 

.80 

2.44 

3B-1B 

116. 

51.10 

3.41 

.48 

.140 

2.65 

.186 

1 .60 

.84 

3B<1B 

294. 

51.14 

4.84 

.55 

.113 

3.79 

.266 

1.59 

1.20 

3B>1B 

561 . 

51.10 

6.98 

.33 

.047 

5.44 

.382 

1 .59 

. 1.73 

3B-1C 

116. 

76.86 

2.75 

.22 

.081 

1.42 

.150 

2.40 

.45 

3B-1C 

294. 

76.83 

3.44 

.75 

.219 

1 .78 

.188 

2.37 

.57 

3B-IC 

561 . 

76,79 

6.44 

.89 

.134 

3.45 

.365 

2.34 

1 .09 






IB) US CUSTOMARY UNITS 







AVERAGE 


COEFFICIENT 

AVERAGE 

AVERAGE 

ADDED 

AVERAGE 



LAP 

FAILURE 

STANDARD 

OF 

JOINT 

JOINT 

JOINT 

WEIGHT 

TEST 

TEMPERATURE 

LENGTH 

LOAD 

DEVIATION 

VARIATION 

STRESS 

EFFICIENCY 

WEIGHT 

COEFFICIENT 

SET 

p 

IN 

LBS 

LBS 


PSI 


LB/IN 


3B-1A 

-250. 

1 .008 

556. 

73. 

.131 

588. 

.135 

4.56E-3 

1.22E5 

3B-1A 

70. 

1 .013 

651 . 

94. 

.144 

650. 

.159 

4.58 

1.42 

3B-1A 

550. 

1 .013 

1115. 

328. 

.294 

1111 . 

.271 

4.57 

2.44 

3B-1B 

-250. 

9.012 

766. 

107. 

.140 

385. 

.186 

9.12 

.84 

3B-1B 

70. 

2.013 

1089. 

123. 

.113 

549. 

.266 

9.08 

1.20 

3B-1B 

550. 

2.012 

1570. 

74. 

.047 

788. 

.382 

9.08 

1.73 

3B-1C 

-250. 

3.027 

618. 

50. 

.081 

207. 

.150 

13.73 

.45 

3B-1C 

70. 

3.025 

773. 

169. 

.219 

258. 

.188 

13.56 

.57 

3B-1C 

550. 

3.023 

1493. 

200. 

.134 

501 . 

.365 

13.70 

1 .09 


CM 



TABLE 7-8 SUMMARY OF BONDED DOUBLE LAP JOINT TEST RESULTS - GR/PI TO GR/Pi 

(A) SI UNITS 





AVERAGE 


COEFFICIENT 

AVERAGE 

AVERAGE 

ADDED 

AVERAGE 



LAP 

FAILURE 

STANDARD 

OF 

JOINT 

JOINT 

JOINT 

WEIGHT 

TEST 

TEMPERATURE 

LENGTH 

LOAD 

DEVIATION 

VARIATION 

STRESS 

EFFICIENCY 

WEIGHT 

COEFFICIENT 

SET 

K 

nm 

KN 

KN 


MPA 


N/M 


3D-1A 

ne. 

20.8 

11.19 

1.82 

.162 

10.51 

.359 

1 .53 

2.88E5 

3D-1A 

294. 

20.7 

9.01 

.38 

.042 

8.54 

. 289 

1.51 

2.34 

3D-1A 

S61 . 

21 .3 

11 .28 

2.05 

.182 

10.59 

.361 

1.53 

2.90 

3D-1B 

118. 

32.8 

10.48 

.67 

.064 

6.24 

.344 

2.37 

1.74 

3D-1B 

294. 

32.7 

9.87 

1 .28 

.130 

5.88 

.324 

2.37 

1.64 

3D-1B 

561 . 

33.0 

11.62 

2.22 

.191 

6.86 

.381 

2.40 

1 .91 

3D-1C 

116. 

45.6 

9.13 

1 .79 

.196 

3.94 

.297 

3.30 

.1.09 

3D-1C 

294. 

45.5 

8.93 

1.53 

.172 

3.84 

.290 

3.29 

1.07 

3D-1C 

561 . 

45.6 

9.98 

3.09 

.311 

4.29 

.323 

3.29 

1.19 

3D-2A 

118. 

20.8 

9.88 

3.50 

.355 

9.35 

.221 

2.14 

1 .82 

3D-2A 

294. 

20.3 

10.56 

3.17 

.301 

10.10 

.237 

2.12 

1.96 

3D-2A 

561 . 

20.2 

12.91 

3.73 

.289 

12.40 

.290 

2.12 

2.40 

3D-2B 

118. 

33.9 

16.19 

1 .08 

.067 

9.37 

.312 

4.11 

1.55 

3D-2B 

294. 

34.0 

14.89 

.73 

.049 

8.60 

.287 

4.13 

1.42 

3D-2B 

581. 

34.1 

14.01 

2.03 

.145 

8.11 

.270 

4.12 

1.34 

3D-2C 

118. 

46.1 

15.15 

3.24 

.214 

6.47 

.329 

5.01 

1.19 

3D-2C 

294. 

46.1 

15.64 

3.37 

.216 

6.68 

.340 

4.96 

1 .24 

3D-2C 

581 . 

48.1 

17.67 

2.45 

.139 

7.54 

.384 

5.01 

1 .39 

3D-3A 

118. 

33.7 

16.01 

1 .29 

.081 

9.36 

.193 

3.54 

1.78 

3D-3A 

294. 

34.0 

16.34 

.76 

.046 

9.55 

.197 

3.53 

1 .82 

3D-3A 

561 . 

33.9 

24.64 

2.22 

.090 

14.40 

.297 

3.54 

2.74 

3D-4A 

116. 

33.6 

11.28 

.87 

.077 

6.60 

.266 

3.36 

1.32 

3D-4A 

294. 

33.6 

13.02 

2.19 

.169 

7.61 

.307 

3.37 

1.52 

3D-4A 

561 . 

33.3 

16.15 

3.10 

.192 

9.49 

.382 

3.38 

1.88 

3D-5A 

118. 

32.7 

16.10 

.72 

.045 

9.57 

.328 

3.82 

1.66 

3D-5A 

294. 

32.2 

14.89 

1.49 

.100 

8.82 

.302 

3.81 

1.54 

3D-5A 

561 . 

32.9 

20.91 

1 .19 

.057 

12.39 

.424 

3.81 

2.16 

30-8A 

116. 

33.5 

9.58 

2.09 

.218 

5.60 

.310 

3.63 

1 .04 

3D-6A 

294. 

33 . 7 

8.73 

1.57 

.180 

5.11 

.283 

3.66 

.94 

3D -6 A 

581 . 

33.5 

9.82 

1 .78 

. 1 82 

5.76 

.319 

3.65 

1 .06 

3D-7A 

294. 

33.7 

15.70 

3.34 

.213 

9.15 

.178 

7.02 

.88 

3D-7A 

561 . 

33.6 

17.73 

1.89 

.107 

10.30 

.200 

6.98 

1.00 

3F-1A 

294. 

34.4 

19.21 

2.20 

.115 

11.14 

.216 

5.14 

1.47 

3F-1A 

581. 

54.4 

19.02 

.44 

.023 

10.95 

.214 

5.20 

1 .44 
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S0-1A 

-2SO. 
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409. 

.162 
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.359 

8.74E-3 

2.88ES 

30-1A 

70. 

.81 

2025. 

85. 

.042 

1239. 

.289 

8.65 

2.34 

3D-1A 

SSO. 

.84 

2535. 

462. 

.182 

1537. 

.361 

8.74 

2.90 

3D-1B 

-250. 

1 .29 

2356. 

150. 

.064 

906. 

.344 

13.54 

1.74 

3D-1B 

70. 

1 .29 

2219. 

288. 

.130 

852. 

.324 

13.53 

1 .64 

3D-1B 

550. 

1 .30 

2613. 

499. 

.191 

996. 

.381 

13.83 

1 .91 

30-1C 

-250. 

1 .79 

2053. 

402. 

.196 

571 . 

.297 

18.83 

.1.09 

3D-1C 

70. 

1 .79 

2008. 

345. 

.172 

557. 

.290 

18.77 

1 .07 

3D-1C 

550. 

1 .79 

2238. 

696. 

.311 

622. 

.323 

t g . go 

1 .19 

3D-2A 

-250. 

.82 

2220. 

788. 

.355 

1352. 

.221 

12.20 

1 .82 

3D-2A 

70. 

.80 

2373. 

713. 

.301 

1465. 

.237 

12.10 

1 .96 

3D-2A 

550. 

.80 

2902. 

839. 

.289 

1798. 

.290 

12.09 

2.40 

3D-2B 

-250. 

1 .34 

3639. 

243. 

.067 

1359. 

.312 

23.48 

1.55 

3D-2B 

70. 

1 .34 

3347. 

165. 

.049 

1248. 

.287 

23.57 

1 .42 

3D-2B 

550. 

1 .34 

3150. 

456. 

.145 

1176. 

.270 

23.51 

1 .34 

3D-2C 

-250. 

1 .81 

3405. 

728. 

.214 

938. 

.329 

28.61 

1.19 

30-2C 

70. 

1 .81 

3515. 

759. 

.216 

968. 

.340 

28.35 

1 .24 

3D-2C 

550. 

1 .82 

3972. 

551 . 

.139 

1094. 

.384 

28.58 

1 .39 

3D-3A 

-250. 

1.33 

3598. 

290. 

.081 

1358. 

.193 

20.21 

1 .78 

3D-3A 

f V • 

1 .34 

V W 1 V • 
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1385. 
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1 .82 

3D-3A 

550. 

1 .34 
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499*. 
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2059. 

.297 

20.22 

2.74 

3D-4A 

-250. 

1 .32 

2535. 

196. 

.077 

958. 

.266 

19.20 

1 .32 

3D-4A 

70. 

1 .32 

2927. 

493. 

.169 

1104. 

.307 

19.26 

1.52 

3D-4A 

550. 

1 .31 

3632. 

698. 

.192 

1377. 

.382 

19.32 

1 .88 

3D-5A 

-250. 

1 .29 

3618. 

161 . 

.045 

1388. 

.328 

21 .80 

1 .66 

3D-SA 

70. 

1 .31 

3347. 

336. 

.100 

1279. 

.302 

21 .73 

1 .54 

3D-5A 

550. 

1 .30 

4702. 

268. 

.057 

1797. 

.424 

21 .77 

2.16 

3D-6A 

-250. 

1 .32 

2153. 

470. 

.218 

813. 

.310 

20.70 

1 .04 

3D-6A 

70. 

1 .33 

1963. 

353. 

.180 

741 . 

.283 

20.88 

.94 

3D-6A 

550. 

1 .32 

2208. 

401 . 

.182 

836. 

.319 

20.83 

1.06 

3D-7A 

70. 

1 . 33 

3529 . 

752 . 

.213 

1327. 

.178 

j 1 

.88 

3D-7A 

550. 

1 .32 

3985. 

426. 

.107 

1494. 

.200 

39.85 

1 .00 

3F-1A 

70. 

1 .36 

4318. 

495. 

.115 

1615. 

.216 

29.37 

1.47 

3F-1A 

550. 

1 .36 

4275. 

100. 

.023 

1588. 

.214 

29.69 

1 .44 
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AVERAGE 

AVERAGE 

ADDED 

AVERAGE 
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JOINT 

JOINT 

WEIGHT 
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WEIGHT 

COEFFICIENT 
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K 

MM 

KN 

KN 


MPA 


N/M 


3E-1A 

1T6. 

20.6 

12.37 

1 .22 

.099 

12.94 

.344 

1.95 

2.50E5 

3E“ 1 A 

294. 

20.2 

18.24 

.61 

.033 

17.90 

.487 

1.95 

3.68 

3E“1A 

set . 

20.2 

17.52 

.67 

.038 

17.26 

.472 

1.95 

3.54 

3E-IB 

116. 

45.6 

8.85 

1 .60 

.181 

3.87 

.238 

4.38 

.80 

3E-1B 

294. 

45.6 

14.35 

2.42 

.169 

6.23 

.383 

4.34 

1 .30 

3E-1B 

561 . 

45.6 

23.25 

1 .18 

.051 

10.08 

.619 

3.89 

.2.35 

3E-2A 

116. 

45.7 

16.08 

1 .41 

.088 

6.97 

.430 

4.40 

1.44 

3E>2A 

294. 

45.7 

17.04 

1 .73 

.102 

7.39 

.455 

4.36 

1.54 

3E-2A 

561 . 

45.7 

21.29 

1 .18 

.049 

9.18 

.840 

4.96 

1.11 
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LOAD 
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F 

IN 

LBS 

LBS 
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LB/IN 


3E-1A 

-250. 

.80 

2780. 

275. 

.099 

1775. 

.334 

11 .12E-3 

2.50ES 

3E- 1 A 

70. 

.80 

4100. 

137. 

.033 

2596. 

.487 

11.14 

3.68 

3E-1A 

550. 

.80 

3938. 

151 . 

.038 

2504. 

.472 

11.12 

3.54 

3E-1B 

-250. 

1.79 

1990. 

359. 

.181 

562. 

.238 

24.86 

.80 

3 E - 1 B 

70 . 

1.79 

3225. 

545. 

.169 

903. 

.383 

24.81 

1.30 

3E-1B 

550. 

1 .79 

5227. 

265. 

.051 

1462. 

.619 

22.24 

2.35 

3E-2A 

-250. 

1.80 

3615. 

317. 

.088 

1011 . 

.430 

25.10 

1.44 

3E-2A 

70. 

1.80 

3830. 

389. 

.102 

1072. 

.455 

24.87 

1.54 

3E-2A 

550. 

1.80 

5410. 

266. 

.049 

1504. 

.640 

28.32 

1.91 
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TEST 
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LOAD 
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COEFFICIENT 

SET 

K 

KN 

KN 


MPA 


N/M 


3Q*1A 

116. 

14.07 

1.22 

.087 

7.274 

.263 

.94 

5.9E5 

3Q-1A 

294. 

18.28 

.95 

.052 

9.446 

.343 

.93 

7.7 

3Q-1A 

S61 . 

22.89 

.73 

.032 

11 .83 

.429 

.93 

9 . 7 
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F 
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3Q-IA 

-250, 

3164. 

275. 

.087 

1055. 

.263 

5.38E-3 

5.9E5 

3Q-1A 

70. 

4110. 

214. 

.052 

1370. 

.343 

5.34 

7.7 

3Q-1A 

550. 

5147. 

165, 

.032 

1716. 

.429 

5.31 

9.7 
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7.2.1 Single-Lap Joints 


Single-lap joint test results have been plotted showing the average failure 
loads with the plus/minus one standard deviation range for each data set. 

Some of the data points were shifted slightly in the abscissa direction to 
eliminate overlap of the vertical standard deviation lines. 

Failure load versus lap length of "Gr/PI-Gr/PI” single- lap joints is shown in 
Figure 7-8 for the three temperatures tested. As expected there was a general 
increase in load with increasing temperature. The load also increases with 
lap length and appears to be leveling off as expected. The data shown for the 
50.8mm (2.0 inch) lap length (data set 3A-1B) seem to be low based on the 
other test results; however, post test examination of the specimens did not 
show any apparent failure anomalies. These specimens were made from material 
lot 2W4582 which had a low fiber volume of 51.4% as compared to 55.8% for lot 
2W4604 which was used for the other specimens. This may have been contributed 
to the apparent low failure loads. The "weight coefficient" versus lap length 
is shown in Figure 7-9 and shows that the 12.7mm (0.5 inch) lap length is the 
most weight efficient. Figures 7-10 through 7-12 show typical failed speci- 
mens for the 25.4 mm (1.0 in) to 76.2 mm (3.0 in) lap lengths. 

Failure load versus lap length of "Gr/PI-titaniurn" single-lap joints is shown 
in Figure 7-13. For these joints the effect of temperature is much greater, 
due to the difference in thermal expansions of the Gr/PI and titanium adher- 
ends. There was an increase in load going from the 25.4mm (1.0 inch) to 
50.8mn (2.0 inch) lap length; however, the load dropped slightly at all 
temperatures going from a 50.8mm (2.0 inch) to a 76.2mm (3.0 inch) lap length. 
Figure 7-14 shows the "weight coefficient" for the "Gr/PI -titanium" joints. 

As for the "Gr/PI-Gr/PI" joints, this figure shoves that the shortest lap 
length, 25.4mm (1.0 inch), is the most weight efficient. Typical failed 
specimens for these configurations are shown in Figures 7-15 through 7-17. 

The effect of increasing the axial stiffness of the adherends with the same 
adherend thickness, is demonstrated in Figure 7-18. The increased stiffness 
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configuration (3A-2A) had a 9% increase in flexural stiffness and a 100% 
increase in axial stiffness over the basel Ine configuration (3A-1B) . The 
increased stiffness configuration shows a 50% increase in failure load at 116K 
{-250°F) and 294K (70°F) and a 150% increase at 561K (550°F). The reason for 
the large jump from 294K (70°F) to 561K (550°F) is not apparent, though it is 
suspected that the results for the 294K (70°F) test are somewhat low. Also it 
should be noted that the data for the baseline data set (3A-1B) may be on the 
low side as discussed above (See Figure 7-8.) 

An increase in axial stiffness can also be obtained by increasing the adherend 
thickness; however, this also increases the flexural stiffness. Tests at 294K 
(70° F) show an increase in strength of 40% going from nominal 1.52 mm (.06 
inch) to 2.54 mm (.10 inch) adherends of the same lay-up. This increse is 
primarily attributed to the 400% increase in flexural stiffness as opposed to 
the 67% increase in axial stiffness. 

The results of testing unbalanced joints (different adherend thicknesses) 
shows a reduction in joint strength at 116K (-250°) and 394K (70° F) as was 
expected. (See Figure 7-19.) There was no significant difference at 561K 
(550 F). This may be due to the data for the baseline configuration (3A-1B) 
being low (See 50.8mm (2.0 inch) data on Figure 7-8). 

The other single lap joint parameters investigated, laminate stacking 
sequence and tapered adherend ends, were only tested at 294K (70° F). Results 
are compared to baseline data in bar graph form in Figures 7-20 and 7-21 and 
are discussed below. 

The baseline single-lap joint (3A-1B) had adherends of (07+45/90)25 lami- 
nates. To evaluate the effect of ply stacking sequence at the bondline 
interface two other laminate layups were tested, data set (3A-3A) with 
(j45/0/90)25 laminates and data set 3A -4 A with (03/1^52/902)5 laminates. 

Both layups exhibited failure loads 50% greater than the baseline. As dis- 
cussed previously, however, test results for data set (3A-1B) may be low and 
therefore, the increase in performance may not be as great as indicated. 
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These changes In lay-up were expected to improve the joint performance; 
however, results of finite element analysis shown in Figures 9-44 and 9-45 
indicate that test set (3A-3A) should fail at a lower load than (3A-4A) 
because of higher peel stresses. Test set (3A-3A) and (3A-4A) each had two 
specimens that had apparent adhesive failures rather than interlaminar 
failures. If data for these specimens are ignored the average failure loads 
become 5.58KN (1254 lbs) and 6.60KN (1484 lbs) respecti vely. Since failures 
are attributed primarily to peel stresses, this brings the test data into 
agreement with the finite element analysis results. 

Tapering the 2.5mm (0.10 inch) nominal thick adherends gave a 24% increase in 
strength over the untapered configuration (See Figure 7-21). 

Typical failed specimens for the baseline, increased stiffness, altered 
stacking sequence and tapered adherend configurations are shown in Figures 
7-22 and 7-23. The average weight coefficients for the joint configurations 
in Figures 7-20 and 7-21 are shown in Figure 7-24. This shows that the 
(027+452/902)5 lay-up (set 3A-4A) is the most weight efficient. 

Figures 7-25, 7-26 and 7-27 are comparisons of the "Gr/PI-Gr/PI" joints with 
“Gr/P I -titanium" joints for 25.4, 50.8 and 76.2mrn (1, 2 and 3 inch) lap 
lengths respectively. Because of thermal stresses it was expected that the 
"Gr/PI-Gr/PI" joints would be stronger at 116K (-250° F) and 294K (70° F), and 
would be approximately the same strength as the "Gr/PI-titanium" joints at 
561K (550° F). For the 25.4mm (1 inch) lap length the two joint types showed 
equal failure loads at 116K (-250° F) and 561K (550°F) while at 294K (70° F) 
the "Gr/PI-Gr/PI" joints were 24% stronger than the "Gr/PI-titanium" joints. 

For the 50.8mm (2 inch) lap length case the "Gr/PI-Gr/PI" joints and 
"Gr/PI-titanium" joints had equal strengths at 116K (250°F) . However the 
"Gr/PI-titanium" joints were 35% and 80% stronger at 294K (70°F) and 561K 
(550 °f) respectively. As noted before the results for data set (3A-1B) appear 
to be lower than what would be expected from the results of the other test 
sets. Thus the comparisons here may not be valid. 
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The results for the 76.2rtin (3 inch) lap lengths were as expected. The "Gr/PI- 
Gr/PI" joints were 93% and 55% stronger at 116K (-250°F) and 294K (70°F) 
respectively, while at 561K (550°F) the "Gr/PI-Gr/PI" joints and "Gr/PI- 
titanium" joints had approximately equal strengths. 
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Figure 7-26: COMPARISON OF GR/PI-GR/PI AND GR/PI-TITANIUM JOINT 





7.2.2 Double-Lap Joints 

Double-lap joint test results have also been plotted showing average failure 
loads with the plus/minus one standard deviation range for each data set. As 
done for the single-lap joints, some of the data points are shifted slightly 
in the abscissa direction to prevent overlap of the vertical standard devia- 
tion lines. 

Figures 7-28 and 7-29 show load versus lap length for the ”Gr/PI-Gr/Pr' 
double-lap joints for the three temperatures tested. Results are shown for 
the 2.03mm (.08 inch) and 3.05mm (.12 inch) nominal thickness inner adherend 
configurations respectively. For the 2.03mm (.08 inch) case there is little 
variation in failure load with lap length over the range of the lengths 
tested. This suggests that the optimum lap length for 2.03mn (.08 inch) thick 
adherends is less than 20.3mm (.8 inch). The effect of temperature is quite 
small with the 116K (-250°F) results being slightly greater than the 294K (70° 
F). In contrast, the results for the 3.05mm (.12 inch) thick adherend case 
show a greater dependence on lap length. The failure load increases for all 
temperatures when going from a 20.3mm (.8 inch) to a 33.0mm (1.3 inch) lap 
length; however, the failure load levels out when the lap length is increased 
to 45.7mm (1.8 inch). This indicates that increasing the adherend thickness 
also increases the optimum lap length. The effect of temperature is not 
consistent. The 20.3mm (.8 inch) and 45.7mm (1.8 inch) lap lengths show an 
increase in failure load with temperature while the 33.0mm (1.3 inch) lap 
length is the opposite. There is no explanation why the results for the 
33.0mm (1.3 inch) lap length are the reverse. 

The average weight coefficients versus lap length for the 2.03mm (.08 inch) 
and 3.05fmi (.12 inch) thick adherend configurations are shown in Figures 7-30 
and 7-31. Like the single-lap joints, the shortest lap lengths are the most 
weight efficient. Figures 7-32 through 7-34 show typical failed specimens for 
the three lap lengths tested for the 3.05 mm (.12 inch) thick configuration. 
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The effect of Increasing the adherend thickness of double Tap joints for a 
33mn (1.3 inch) lap lengths is presented in Figures 7-35 and 7-36. Shown are 
the average failure loads, structural joint efficiencies and average weight 
coefficients for 116K {-250°F), 294K (70“F) and 561K (550°F). As expected the 
failure load appears to level off with increasing thickness, while the joint 
efficiency and weight coefficients decline. 

The effect of a stiffness imbalance between the inner and outer adherends of a 
double-lap joint is presented in Figure 7-37. This effect can be evaluated in 
three ways. A balanced joint (3D-2B) can be compared to an unbalanced joint 
(3D-6A) with the same outer adherend thickness and thinner inner adherend. 
Compared this way the unbalanced joints fail at a much lower load (about 40%) 
than the balanced joints. However this is not a good comparison as the inner 
adherend thicknesses are not the same, and a lower load would be expected for 
the joint with a smaller inner adherend thickness, even if balanced. Another 
comparison involves a balanced joint (3D-1B) and an unbalanced joint (3D-6A) 
with the same inner adherend thickness and a thicker outer adherend. In this 
case the balanced joints are only about 10 % stronger than the unbalanced 
joints. The third possible comparison would be to compare balanced and 
unbalanced joints with the same inner adherend thickness and a thinner outer 
adherend on the unbalanced joint. No tests were conducted to make this latter 
comparison. 

Increasing the axial and flexural stiffness of the adherends was expected to 
increase the failure load. Results of increasing the stiffness are shown in 
Figure 7-38. There was no change in failure load from the basel ine at 116K 
(-250°F) and only a slight increase in load at 294K (70°F). At 561K (550°F) 
the increased stiffness configuration was 76% stronger than the basel ine. 
Typical failed specimens are shown in Figure 7-39. 

The effect of the laminate stacking sequence is shown in Figure 7-40. At 116K 
(- 250 °F) and 294K (70°F) the (0/+45/90) and (+45/0/90) laminates have roughly 
equal strengths while the (O 2 /+ 453 / 9 O 3 ) laminate is 30% and 10% weaker. How- 
ever, at 561K (550°F) the (j45/0/90) laminate is 50% stronger and the 



(O 3 /+ 453 / 9 O 3 ) laminate 155S stronger than the (0/+45/90) laminate. Typical 
failed specimens for the baseline, and altered stacking sequence configura- 
tions are shown in Figure 7-39. It should be noted that the results for the 
(0/+45/90) (3D-2B) configuration appear to be suspect, as the failure load 
declines with temperature. (These specimens were made from material lot 
2W4582 which had only 51.4% fiber volume as discussed in Section 7.2.1.) This 
is in contrast to the trend of increasing load with increasing temperature 
shown by most of the other test sets. As stated before there is no apparent 
explanation for this anomaly. 

Finite element analyses were performed on the above adherend lay-ups as dis- 
cussed in Section 9.1.2. Results of the analyses showed +5% type changes in 
peak adhesive shear stresses and inner adherend peel stresses from the base- 
line (0/+45/90) lay-ups. These differences are too small to pick up by the 
test results because of the large data scatter. The analyses do show, how- 
ever, that the peak peel stresses occur in the inner adherend and therefore, 
interlaminar peel failures should initiate on the inner adherend. Examina- 
tion of the specimens showed that all the ''Gr/PI-Gr/PI” double-lap joints had 
intralaminar peel failures on the inner adherend. All specimens also had 
intralaminar failures on the doubler splice plate interface. These were 
probably secondary failure modes although it is impossible to tell from the 
specimens which failure occurred first. 

Figure 7-41 shows the effect of tapering the ends of the outer adherends in 
order to reduce the peel stresses in the inner adherend. Tapering resulted in 
an 18% increase in load at 294K (70°F) and a 7% increase at 561K (550° F). 
Figure 7-42 shows typical failed specimens for the tapered adherend joints. 

Figures 7-43 and 7-44 show load versus lap length and temperature of "Gr/P I - 
titanium” double-lap joints. The data show the effect of lap length is 
temperature dependent. Increasing the lap length resulted in increased fail- 
ure loads at 561K (550°F) and decreased loads at 294K (70°F) and 116K 
(-259°F). Because of residual stresses in these joints due to the differences 
in coefficients of thermal expansion of Gr/PI and titanium, the failure load 
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was expected to increase with temperature (i.e. as the stress free state was 
approached). This was not the case with the 20.3mm (.8 inch) lap length 
configuration (See Figure 7-44). The reason for this may be found by examin- 
ing the failure mode of the joints. Unlike the rest of the joints tested, all 
of the elevated temperature 561K (550°F) Gr/PI-titanium double-lap joints 
showed significant amounts of cohesive failures, up to one- third of the total 
bond area. The shorter lap length joints exhibited adhesive failures over a 
greater percentage of the bond area than the longer lap length joints. This 
explains why the failure load for the 20.3mm (.8 inch) lap length joints was 
approximately the same at 294K (70°F) and 561K (550°F). At the elevated 
temperature the ultimate average adhesive shear stress was exceeded resulting 
in a different failure mode. Although the room temperature specimens showed 
an intralaminar failure, adhesive failure may have been imminent. Figures 7- 
45 through 7-47 show typical failed specimens for the three lap lengths 
tested. 

) The average weight coefficient versus lap length is shown in Figure 7-48 for 

the “Gr/PI-titanium" double- lap joints. This indicates that there is a large 
“weight penalty" in increasing the lap length from 20.3mm (.8 inch) to 45.7mm 
(1.8 inch) . 

The effect of putting + 45° plies at the titanium interface for the "Gr/PI- 
titanium" joints is shown in Figure 7-49. The effect is most pronounced at 
116K (-250°F) and lessens as the temperature increases. The (+45/0/90) lami- 
nate is consistently stronger than the (0/j45/90) baseline laminate, but the 
difference at 561K (550°F) is small. The reason for the higher strength of 
the (+45/0/90) laminate may be due to the +45° plies at the joint interface 
reducing the thermal stresses because of a lower tension modulus than a 0° 

ply- 

Figures 7-50 and 7-51 are comparisons of "Gr/PI-6r/PI"and "Gr/PI-titanium" 
double-lap joints as a function of temperature. The results of the comparison 
are inconsistent. With the shorter lap lengths, 20.3mm (.8 inch), the Gr/PI- 

) titanium joints are stronger at all temperatures than the "Gr/PI-Gr/PI" 
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joints. However with a longer lap length, 45.7mm (1.8 inch), the "Gr/PI- 
Gr/PI" joints are stronger at 116K (-250°F) and 294K 70°F) while the 
"Gr/P I -titanium” joints are stronger at 561K (550°F). 
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7.2.3 Step Lap Joints 


Results for the "3-step" symmetric step-lap joint are shown in Figure 7-52. 
There is a strong temperature dependence in the strength of these joints. 

Thi s is attributed to the difference in coefficients of thermal expansion 
between the Gr/PI and titanium and is as expected. Figure 7-53 shows the 
step-lap joint prior to test, while Figure 7-54 shows typical failed specimens 
for the 3 temperatures tested. 
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7.2.4 Trend Summaries 


A summary of the changes in failure loads observed for single and double 1 ap 
joints due to temperature changes is given in Tables 7-11 and 7-12 respec- 
tively. Areas that are crosshatched represent trends that are opposite of 
what was expected based on theoretical considerations. There are no apparent 
explanations for these cases other than processing or material variations. In 
general , failure loads increased with increasing temperature, with the change 
in loads from cryogenic to room temperature being less than the change in 
loads from room temperature to elevated temperature. The large data scatter 
precludes drawing conclusions about the effect of the various joint parame- 
ters on the temperature dependence of bonded joints, other than that a thermal 
expansion imbalance in the joint increases the temperature dependence. How- 
ever, it appears that the beneficial effects of increased adherend stiffness, 
tapered adherends, etc. are much greater at 561K (550°F) than at room or 
cryogenic temperature. 

Tables 7-13 and 7-14 summarize the observed trends for single and double lap 
joints versus the expected results for the various parameters tested: lap 
length, adherend stiffness, adherend thickness, ply stacking sequence, 
tapered adherend ends and adherend material. In most cases the observed and 
predicted trends agree. Exceptions are attributed to material and processing 
variations. 



Table 7-11: EFFECT OF TEMPERATURE CHANGES - SINGLE LAP JOINTS 
(Based on Averages) 
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Tab ! 6 7-13; EXPECTED VS. OBSERVED TRENDS - SINGL E LAP JOINTS 


EXPECTED RESULT 

TEST RESULT 

Increasing the lap length increases the strength, 
increases structural joint efTiciency and decreases 
the weight coefficient. 

GR/PI — ►Agrees at all temperatures. 
GR/PI-Titanium-^Increase in strength from 25.4 mm 

(1.0 in) to 50,8 mm (2.0 in) 
Decrease in strength from 50. 8. mm 
(2,0 in) to 76,2 ram (3.0 in) 

Increasing flexural stiffness of ad he rends Increases 
strength. 

(j45/0/90)33--(0/+45/90)3^ ( 037 + 453 / 9 ^ 

(Oms/Ojjg-J— (0/+45/90)55— (M1n— Max) 

All 1 ayups except ( 07 + 45 / 90)33 had same failure 

loads at 294 K (70°F) - ( 0 / 445 / 90)33 less 
than others. 

Increasing ad he rend thickness increases strength, 
reduces structural joint efficiency. 


A stiffness imbalance between adherends reduces 
strength. 

Agrees at 116K (-250°F) 294K (70°F) 
No reduction at 561 K (550°F) 

Tapering ends of adherends increases strength. 

Agrees at 294 K (70°F) 


Table 7-14: EXPECTED VS. OBSERVED TRENDS - DOUBLE LAP JOINTS 


EXPECTED RESULT 

TEST RESULT 

Increasing the lap length increases strength, 
increases structural joint efficiency and 
decreases the weight coefficient. 

GR/PI— ►Agrees at all temperatures (strength 
out for longer lap lengths). 

G R/ P I -Ti tan i um-^Ag rees at 561 K (550°F), 
does not agree at 116K (-250°F) 294K (70°F) 

Increasing axial stiffness of adherends increases 
strength. 

Agrees at all ten^eratures. 

Increasing adherend thickness increases strength, 
decreases structural joint efficiency and de- 
creases the weight coefficient. 

Agrees at all temperatures. 

A stiffness imbalance between adherends 
decreases strength. 

Agrees at all temperatures. 

A "softer" ply group at joint interface 
(+45 vs 0° & 0 ^ 3 ) increases strength. 

GR/PI-^Agrees at all temperatures. 

GR/ P I -Ti tan i um-^Agrees at all temperatures. 

Tapering ends of outer adherends increases strength. 

Agrees at all temperatures. 




























7.2.5 Comparison of Single and Double-Lap Joints 


It was expected that double lap joints would have greater structural joint 
efficiencies than single lap joints. To be more structurally efficient, the 
double-lap joints with S.Ormi (.12 inch) inner adherends must be more than 
twice as strong as the single lap joints with 1.5mm (.06 inch) adherends. 

This is because the basic adherend is twice as thick and therefore twice as 
strong. 

Failure loads versus lap length for single and double-lap joints of "Gr/PI- 
Gr/PI" and "Gr/PI-titanium" are shown in Figures 7-55 and 7-56 respectively. 
These shows that the "Gr/PI-Gr/PI" double- lap joints (3mm (.12 inch) adher- 
end) are 3 to 4 times stronger than the corresponding single- lap joints (1.5mm 
(.06 inch) adherend). “Gr/PI-titanium” double-lap joints are 2 to 6 times 
stronger than the corresponding single-lap joints. 

Structural joint efficiencies of "Gr/PI-Gr/PI" single- lap joints varied from 
.100 to .270 and for double-lap joints from .178 to .424. Efficiencies of 
"Gr/PI-titanium" single-lap joints varied from .135 to .382 and for double- 
lap joints from .238 to .619. The greater efficiency of the double-lap joints 
results from the elimination of the load eccentricity and corresponding 
moment inherent in unsupported single lap joints. 

Failure loads versus weight increment for "Gr/PI-Gr/PI" and "Gr/PI-titanium" 
joints are shown in Figures 7-57 and 7-58. As was expected all of the curves 
approach an asymptote. Joint analyses show that a point is reached where 
adding more weight to a joint will not increase the strength. Note that these 
curves are only valid for the specific adherend thicknesses tested. Changing 
the adherend thicknesses will change the curves. 

Figure 7-59 shows average weight coefficient versus lap length for single and 
double-lap joints. This curve shows that for the same lap length, single and 
double-lap joints are approximately equal in load carried per unit weight of 
joint. 
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8.0 Advanced Bonded Joints 


After completion of the standard bonded single and double lap joint testing, 
several advanced joint design concepts were selected which showed promise of 
improving the joint efficiency. Concepts selected were performed adherends, 
scalloped adherends and two hybrid systems. These specimens were fabricated 
from material lot 3W2187 which had quality control test results slightly lower 
than required (see Section 8.2) . Because of this, standard single and double 
lap bonded joints were made from the same materi al lot and tested to provide a 
basel ine for comparing the performance of the advanced joint concepts. 

The preformed adherend concept consists of a single lap joint with the adher- 
ends angled at the lap ends (see Figure 8-1) . Finite element analyses (Ref. 

5) have shown that preforming the adherends reduces the stress concentrations 
in the joint, thus increasing the joint strength. The reduction in peak 
stresses results from reducing the angle between the 1 ine of action of the 
appl ied load and the bond line. This in turn reduces the appl ied bendi ng 
moments in the adherends and the shear stresses in the joint. 

Seal loping the ends of the adherends was expected to improve the joint 
strength by reducing the peel stress concentrations at the end of the lap. 

The two hybrid systems consisted of 1) S-glass/PI fabric softening strips and 
2) Gr/PI fabric layers placed between the adherends at the joint interface. 
These 1 ayers were intended to reduce the peak shear and peel stresses in the 
joint and thus allow a greater load transfer between the adherends. 

8. 1 Advanced Joint Test Matrices 

The advanced joint test matrix is given in Table 8-1. Specimen configurations 
are given in Figures 8-1 through 8-7. Photographs of typical specimens before 
test are shown in Figures 8-8 and 8-9. All specimens were conditioned by 
soaking at 589K (600°F) in a one atmosphere environment (air) for 125 hr. 



Tests were conducted at 116K, 294K and 561K (-250°F, 70°F and 550°F). A total 
of 191 specimens were tested. 

8.2 Specimen Fabrication 

Advanced joint test specimens were fabricated using the procedures and 
processing described in Section 7.1. All specimens were fabricated from 
material lot 3W2187. Quality control test results for this material lot are 
shown in Table 8.2. As shown, the interlaminar shear test results were lower 
than the specification requirement. It was felt this was a critical parameter 
because of the interlaminar type failures on the standard bonded joints. 

Costs and schedule precluded ordering new material, therefore additional 
baseline tests of standard single and double lap joints were added to the test 
matrix. Specimens for these tests were made from the same material lot to 
provide a cornnon baseline against which to measure any improvement in perform- 
ance of the advanced joint concepts. 

To fabricate the preformed adherend specimens, three aluminum tools with 5°, 
10°, and 15° angles were machined from 38.1 mm (1.5 inch) thick 2024-T3 
aluminum plate. The length at the angle surface was twice as long as the 
required lap length. The adherends were laid up as one laminate and then cut 
in half normal to the lap length to get the two required adherends. When they 
were bonded together, one bond surface was smooth as it was on the tool 
surface, and the other bond surface was rough as it was from the bag side. The 
effect of this on joint strength is not known. 

The Cel ion 3000/PMR-15 prepreg was laid up on the tool per the test matrix, 
vacuum bagged and cured in one autoclave run using the cure cycle outlined in 
Reference 1. Ultrasonic C-scans of the panels indicated the the 5° laminates 
were excellent, that the 10° laminates had some porosities and that the 15° 
laminates had numerous porosities and delaminations with some blisters on the 
outer surface. 
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Analysis of the cured parts indicated that the problem was caused by uneven 
heating of the parts and tools. The masses of the tools were different due to 
the amount of aluminum milled away to make the 5°, 10° or 15° angles, with the 
5° tool having the greatest mass. Since the autocl ave was controlled from the 
5° tool, the application of pressure for the 10° and 15° parts was too late 
for the materi al to flow properly. 

The 10° and 15° preformed adherend panel s were refabricated using a separate 
autoclave run for each tool . C-scans from all laminates were excellent. 

Each preform panel was cut into two equal pieces and bonded with A7F adhesive 
film per the procedures in Reference 1. Soft al uminum tooling pins were used 
to maintain proper al ignment and overlap di stance. Pins were pi aced in areas 
(edges) which were trimmed away during specimen cutting. 

The basel ine and scalloped adherend single and double lap specimens were 
fabricated from Celion 3000 /P MR -15 prepreg laid up per the test matrix, bagged 
and cured per the procedures in Reference 1. Scalloping of the adherends was 
done by rough cutting with a router and then hand filing to finished dimen- 
sions. The panel s were trimmed and bonded with A7F adhesive film as before. 
During bonding the scalloped areas filled with adhesive. It is thought that 
thi s would effect the joint strength, although it is not known for sure. 

The hybrid (fabric interface) specimens were fabricated from Celion 3000 /P MR - 
15 tape prepreg, S-glass/PMR-15 fabric prepreg, and Cel ion . 3000/PMR-15 fabric 
prepreg. Adherend laminates were laid up per the test matrix, bagged and 
cured per the procedures in Reference 1 . The S-glass and Gr/PI fabric prepreg 
plies were co-cured simultaneous with bonding of the fabric to the panels 
using A7F adhesive. 

After the bonded panel s were conditioned per the test matrix, individual 
specimens were cut from the panels using a bandsaw equipped with a carbide 
blade. Edges of each specimen were sanded after cutting to assure uniformity. 
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The A7F adhesive film used to fabricate the advanced joint specimens was pre 
preged by U.S. Polymeric using A7F resin supplied by Boeing. 

8.3 Test Procedures 

Tests were conducted using the procedures described in Section 4.2. No 
special grip offset was provided for the preformed adherend specimens. A 
typical test set-up with a preformed adherend specimen is shown in Figure 8- 
10. Specimens were loaded using friction type zapel grips suspended on ball 
joints to permit automatic load alignment. 
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SPEC. 

CONFIG. 


Table 8-1: TEST MATRIX 6 - ADVANCED JOINT CONCEPTS 


NO. OF SPECIMENS AT: 



See Fig. 8-1 


10° Preformed 
See Fig. 8-1 


15° Preformed 
See Fig. 8-1 


Scalloped 
Single-Lap 
See Fig. 8-2 


Scalloped 
Double-Lap 
See Fig. 8-3 


Softening Strip 
Single-Lap 
See Fig. 8-4 


Fabric Interface 
Single-Lap 
See Fig. 8-5 


Basel ine 
Single-L ap 
See Fig. 8-6 


Basel ine 
Double-Lap 
See Fig. 8-7 
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Figure 8-1: Advanced Joints - Matrix 6 Preformed Adherends 
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Figure 8-3: Advanced Joints - Matrix 6 Scalloped Double Lap 
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TOTAL 
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Figure 8-4; Advanced Joints - Matrix 6 Softening Strips - Single Lap 
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Figure 8-5: Advanced Joints - Matrix 6 Fabric Interface Single Lap 













Figure 8-7: Advanced Joints - Matrix 6 Baseline Double Lap 
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Table 8-2: ADVANCED JOINTS QUALITY CONTROL TEST PANEL PROPERTIES (Averaged) 

CaiON 30Q0/PMR-15 


Fiber Volume, % 

Resin Content, % 
Specific Gravity g/cc 
Void Content, % 


Flexural 
Strength 
MPa (ksi ) 



Modulus 
GPa (msi ) 


Short Beam 
Shear 
Strength 
MPa (ksi) 


Requirement LOT 3W 21 87 


58 +2 
30 +3 
1.54 
1 


At Ambient 

At 589K 

(600°F) 

Aged, at 

589K (600°F) 

At Ambient 

At 589K 

(600°F) 

Aged, at 

589K (600°F) 

At Ambient 

At 589K 

(600°F) 

Aged, at 

589K (600°F) 

























8.4 Advanced Joint Test Results 

Results of the advanced bonded joint tests show less data scatter than for the 
standard bonded joints; however, this may be due in part to the smaller number 
of specimens tested. The advanced joints had three or four specimens per set, 
as opposed to six specimens per set for the standard joints. Coefficients of 
variation varied from 0.022 to 0.246 with the majority being less than 0.100. 

Test results for the advanced joint tests are summarized in Tables 8-3 and 8- 
4. The tables show test temperature, lap length, average failure load with 
standard devi ations and coefficient of variations, average joint stress, 
average joint efficiency, added joint wei ght and average weight coefficient. 
All of the variables were calculated in the same manner as shown for the 
standard bonded joints in Section 7.2. Tables showing the test results for 
each advanced joint specimen are given in Appendix C. 

The various failure modes exhibi ted by the advanced joint specimens are summa- 
rized in Table 8-5. Several test sets showed two different modes as indi- 
cated. Table 8-6 describes each of the failure modes and references figures 
which show typical failures. 
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TABLE «-3 SUMMARY OF ADVANCED BONDED SINGLE LAP JOINT TEST RESULTS (PREFORMED AOHERENDS) - QR/PI TO QR/PI 


(A) SI 


TEST 

PRE- 

FORMED 

ANGLE 

TEMPERATURE 

LAP 

LENGTH 

AVERAGE 

FAILURE 

LOAD 

STANDARD 

DEVIATION 

SET 

(OEQJ 

(K) 

(MMI 

(KN) 

IKN) 

S-1A 

5. 

116. 

25.32 

8.10 

0.61 

6-1A 

S. 

294. 

25.57 

8.37 

0.29 

6-1A 

8. 

561 . 

25.48 

7.38 

0.95 

S-1B 

5. 

116. 

51 .48 

13 .08 

0.83 

6-1B 

5. 

294. 

51 .22 

14.36 

0.57 

6^1B 

S. 

561 . 

50.72 

11 .63 

1 .24 

6-1C 

5. 

116. 

76.62 

16.41 

0.47 

6-1C 

S. 

294. 

76.88 

15.16 

0.65 

e-tc 

5. 

561 . 

76.96 

13 .09 

0.45 

e-2A 

to. 

116. 

25.57 


1 .00 

6-2A 

10. 

294. 

25.91 

12.00 

0.96 

6-2A 

10. 

561 . 

25.91 

10.48 

1 .20 

6-2B 

10. 

116. 

51 .31 

15.18 

3.74 

6>2B 

10. 

294. 

51 .14 

16.04 

1 .47 

6-2B 

10. 

561 . 

50.72 

14.68 

1.11 

6-2C 

10. 

116. 

76.62 

11.97 

0.59 

8*2C 

4 

M W. 

A A J 

4 V ^ • 

78.45 

12.76 

A Oft 
4.00 

6-2C 

10. 

561 . 

76.20 

11.43 

0.51 

6-3A 

15. 

116. 

25.32 

9.75 

1 .36 

6-3A 

15. 

294. 

25.40 

11.60 

0.79 

B-3A 

15. 

561. 

25.32 

10.51 

1 .08 

6-3B 

15. 

116. 

50.80 

13.49 

0.94 

6>3B 

15. 

294. 

50.88 

12.84 

1 .22 

6-3B 

15. 

561 . 

50.80 

10.29 

0.77 

0-3C 

15. 

116. 

76.96 

13.96 

0.67 

6-3C 

15. 

294. 

76.96 

15.37 

0.45 

6-3C 

15. 

561. 

76.54 

12.37 

0.82 


UNITS 


COEFFICIENT 

AVERAGE 

AVERAGE 

ADDED 

AVERAGE 

OF 

JOINT 

JOINT 

JOINT 

WEIGHT 

VARIATION 

STRESS 

EFFICIENCY 

WEIGHT 

COEFFICIENT 


(MPA) 


(N/M) 


.076 

12.51 

.351 

0.692 

4.61ES 

.035 

12.78 

.370 

0.706 

4.67 

.129 

11.28 

.271 

0.696 

4.17 

.063 

9.93 

.576 

1 .455 

3.54 

.040 

10.98 

.630 

1.434 

3.94 

.106 

9.00 

.540 

1 .426 

3.21 

.029 

8.37 

.684 

2.073 

3.12 

.043 

7.76 

.622 

2.111 

2.83 

.034 

6.66 

.540 

2.113 

2.44 

.070 

21 .71 

.581 

0.695 

8.09 

.080 

18.10 

.562 

0.705 

8.71 

.114 

15.81 

.465 

0.705 

5.86 

.246 

11.52 

.477 

1 .423 

4.20 

.092 

12.27 

.654 

1 .432 

4.41 

.076 

1 1 .36 

.584 

1.413 

4.09 

.049 

6.09 

.524 

2.114 

2.23 

.226 

8.54 

A e •» 

. oo r 

2 . 120 

2.37 

.045 

5.86 

.514 

2.082 

2.16 

.139 

15.06 

.475 

0.709 

5.42 

.068 

17.79 

.469 

0.714 

8.39 

.102 

16.21 

.398 

0.722 

5.73 

.070 

10.41 

.515 

1.436 

3.70 

.095 

9.89 

.490 

1.438 

3.52 

.075 

7.96 

.422 

1 .429 

2.84 

.048 

7.09 

.555 

2.195 

2.50 

.029 

7.83 

.609 

2.195 

2.78 

.066 

6.34 

.497 

2.183 

2.23 



TABLE 8-3 CONCLUDED 
(BI US CUSTOMARY UNITS 



PRE- 



AVERAGE 


COEFFICIENT 

AVERAGE 

AVERAGE 

ADDED 

AVERAGE 


FORMED 


LAP 

FAILURE 

STANDARD 

OF 

JOINT 

JOINT 

JOINT 

WEIGHT 

TEST 

ANGLE 

TEMPERATURE 

LENGTH 

LOAD 

DEVIATION 

VARIATION 

STRESS 

EFFICIENCY 

WEIGHT 

COEFF 

ICIENT 

SET 

(DEG) 

IF) 

(IN) 

(LBS) 

(LBS) 


(PSD 


ILB/IN) 



6-1A 

5. 

-250. 

0.897 

1822. 

138. 

.076 

1814. 

.351 

3 .9SE-3 

4 

6tE5 

6 “ 1 A 

5. 

70. 

1 .007 

1882. 

65. 

.035 

1853 . 

.370 

4.03 

4 

87 

6-1A 

5. 

550. 

1.003 

1660. 

214. 

.129 

1636. 

.271 

3.98 

4 

17 

6-1B 

5. 

-250. 

2.027 

2940. 

188. 

.083 

1441 . 

.576 

8.31 

3 

54 

8-tB 

6 . 

70. 

2.017 

3228. 

128. 

.040 

1592. 

.630 

8.19 

3 

94 

6-lB 

5. 

550. 

1 .997 

2615. 

278. 

.106 

1305. 

.540 

8.15 

3 

21 

6-lC 

5. 

-250. 

3.017 

3688. 

105. 

.029 

1214. 

.684 

11.84 

3 

12 

8-1C 

5. 

70. 

3.027 

3408. 

145. 

.043 

1125. 

.622 

12.05 

2 

83 

6-iC 

5. 

550. 

3.030 

2942. 

101 . 

.034 

967. 

.540 

12.07 

2 

44 

8-2A 

10. 

-250. 

1 .007 

3210. 

226. 

.070 

3148. 

.581 

3.97 

8 

09 

6-2A 

10. 

70. 

1 .020 

2698. 

216. 

.080 

2624. 

.562 

4.02 

6 

71 

6-2A 

to. 

550. 

1 .020 

2355. 

269. 

.114 

2293. 

.465 

4.02 

5 

86 

6-2B 

10. 

-250. 

2.020 

3413. 

840. 

.246 

1870. 

.477 

8.12 

4 

20 

6-28 

10. 

70. 

2.013 

3605. 

332. 

.092 

1779. 

.654 

8.17 

4 

41 

6-2B 

10. 

550. 

1 .997 

3300. 

250. 

.076 

1647. 

.584 

8.07 

4 

09 

8-2C 

10. 

-250. 

3.017 

2692. 

132. 

.049 

884. 

. 524 

12.07 

2 

23 

6-2C 

10. 

70. 

3.010 

2886. 

647. 

.226 

948 . 

.667 

12.10 

2 

37 

8-2C 

10. 

550. 

3.000 

2570. 

115. 

.045 

850. 

.514 

11.89 

2 

16 

8-3A 

15. 

-250. 

0.997 

2192. 

305. 

.139 

2184. 

.475 

4.05 

5 

42 

8-3A 

15. 

70. 

1 .000 

2607. 

177. 

.068 

2581 . 

.469 

4.08 

6 

39 

8-3A 

15. 

550. 

0.997 

2363. 

242. 

.102 

2351 . 

.398 

4.12 

5 

73 

6-3B 

15 . 

-250. 

2.000 

3032. 

212. 

.070 

1510. 

.515 

8.20 

3 

70 

6-3B 

15. 

70. 

2.003 

2887. 

274. 

.085 

1435. 

.490 

8 .21 

3 

52 

8-3B 

15. 

550. 

2.000 

2313. 

173. 

.075 

1155. 

.422 

8.16 

2 

84 

6-3C 

15. 

-250. 

3.030 

3138. 

150. 

.048 

1028. 

.555 

12.54 

2 

50 

6-3C 

15. 

70. 

3.030 

3455. 

100. 

.029 

1135. 

.609 

12.54 

2 

76 

8-3C 

15. 

. 550. 

3.013 

2780. 

183 . 

.068 

919. 

.497 

12.47 

2. 

23 
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(A) 

SI UNITS 










AVERAGE 


COEFFICIENT 

AVERAGE 

AVERAGE 

ADDED 

AVERAGE 



LAP 

FAILURE 

STANDARD 

OF 

JOINT 

JOINT 

JOINT 

WEI 

QHT 

TEST 

TEMPERATURE 

LENGTH 

LOAD 

DEVIATION 

VARIATION 

STRESS 

EFFICIENCY 

WEIGHT 

COEFF 

ICIENT 

SET 

(K) 

iMM) 

(KN) 

(KN) 


IMPAJ 


i 

^/M) 



6-4A 

294. 

25.40 

2.61 

0.11 

.040 

4 .05 

.110 

0 

.721 

I 

. 42E5 

B-4A 

set . 

25.40 

2.90 

0.16 

.055 

4.51 

.133 

0 

.697 

1 

.64 

6-4B 

294. 

50.80 

5.32 

0.21 

.040 

4.12 

.212 

1 

.427 

1 

.47 

6-4B 

set . 

50.80 

5.58 

0.94 

.169 

4.32 

.236 

1 

.386 

1 

. 58 

S-4C 

294. 

76.20 

6.20 

0.21 

.033 

3.20 

.259 

2 

. 113 

1 

.16 

8-4C 

set. 

76.20 

8.13 

0.75 

.093 

4.20 

.379 

2 

.143 

1 

. 49 

6-5A 

294. 

20.32 

12.45 

0.52 

.042 

24.13 

.409 

3 

.077 

1 

. 59 

6-SA 

561 . 

20.32 

12.34 

0.27 

.022 

23.92 

.384 

3 

.055 

1 

.59 

6-SB 

294. 

33.02 

12.55 

0.81 

.065 

14.97 

.422 

4 

.965 

1 

.00 

6-SB 

set . 

33.02 

14.79 

1 .46 

.099 

17.64 

.438 

4 

.965 

1 

.17 

S -aC 

294. 

45.72 

13.67 

1.10 

.080 

11.76 

.393 

6 

.972 

0 

.77 

8-5C 

581 . 

45.72 

18.28 

0.86 

.047 

15.75 

.553 

6 

.923 

1 

.04 

6«6A 

294. 

26.25 

3.69 

0.41 

.112 

5.54 

.163 

0 

.728 

2 

.00 

6-6A 

581 . 

25.99 

2.91 

0.16 

.0S6 

4.41 

.117 

0 

.728 

1 

. 57 

6-6B 

294. 

51 .18 

9.22 

0.72 

.078 

7 . 09 

.381 

1 

.422 

2 

. 55 

6-6B 

561 . 

50.93 

8.16 

0.99 

.121 

6.31 

.379 

1 

.421 

2 

.26 

6-6C 

294. 

70.37 

10.59 

1 .28 

.121 

5.45 

.428 

2 

.117 

1 

.97 

6-6C 

581 . 

76.45 

10.08 

1 .45 

.144 

5.19 

.356 

2 

.130 

1 

.86 

8-7A 

294. 

25.58 

5.34 

0.26 

.048 

8.22 

.220 

0 

.713 

2 

.95 

8-7A 

561 . 

25.57 

5.41 

0.30 

.055 

8.34 

.239 

0 

.716 

2 

.98 

8-7B> 

294. 

51.18 

.16 

Q .23 

.025 

T.05 

4 A C 

« 9 99 

1 

. 448 

2 

.49 

8-7B 

581 . 

51.24 

8.6? 

0.36 

.042 

6.62 

.350 

1 

.434 

2 

.36 

6-7C 

294. 

76.62 

10.94 

1 .03 

.094 

5.62 

.458 

2 

.145 

2 

.01 

8-7C 

set . 

76.71 

11.00 

0.37 

.033 

5.65 

.442 

2 

.168 

2 

.00 

6-8A 

294. 

25.99 

3.31 

0.21 

.084 

S . 01 

. 1 39 

0 

.731 

I 

.78 

6-6A 

561 . 

25.57 

3.15 

0.14 

.045 

4.85 

.127 

0 

.719 

1 

.72 

6^8B 

294. 

51.06 

5.25 

0.15 

.029 

4.04 

.225 

1 

.414 

1 

.46 

6-8B 

561. 

50.99 

5.18 

0.64 

.123 

3.99 

.206 

1 

.412 

1 

.45 

6-8C 

294. 

76. S4 

6.65 

0.27 

.041 

3.42 

.268 

2 

.143 

1 

.22 

6*8C 

551 . 

76.45 

7.85 

1 .23 

.157 

4.04 

.277 

2 

.099 

1 

.48 

8-SA 

294 . 

2 0 .22 

10.27 

0.62 

.060 

1 9 . 90 


3 

.055 

1 

.32 

8*9A 

561 . 

20.32 

10.53 

0.62 

.059 

20.38 

.305 

3 

.077 

1 

.35 

8-9B 

294. 

33.02 

11.28 

0.53 

.047 

13.43 

.336 

5 

.018 

0 

.89 

6-9B 

561 . 

33.02 

12.61 

0.90 

.071 

15.03 

.369 

4 

.947 

1 

.00 



TABLE 8-4 CONCLUDED 
(B) US CUSTOMARY UNITS 


TEST 

SET 

TEMPERATURE 

IFl 

LAP 

AVERAGE 

FAILURE 

STANDARD 

COEFFICIENT 

OF 

AVERAGE 

JOINT 

AVERAGE 

JOINT 

ADDED 

JOINT 

AVERAGE 

WEIGHT 

LENGTH 

(IN) 

LOAD 

ILBS) 

DEVIATION 

(LBS) 

VARIATION 

STRESS 

(PSD 

EFF ICIENCY 

WEIGHT 

ILB/IN) 

COEFF 

ICIENT 

6-4A 

70. 

1.000 

587. 

24. 

.040 

587 . 

.110 

4.12E-3 

1 

42ES 

6-4A 

550. 

1 .000 

653. 

38. 

.055 

654. 

.133 

3.98 

1 

64 

8-4B 

70. 

2.000 

1196. 

48 . 

.040 

598 . 

.212 

8.15 

1 

47 

6 “ 4B 

550. 

2.000 

1254. 

211 . 

.169 

627. 

.236 

7.92 

1 

88 

6-4C 

70. 

3.000 

1393. 

46. 

.033 

465. 

.259 

12.06 

1 

16 

8-4C 

550. 

3.000 

1828. 

169. 

.093 

609. 

.379 

12.24 

1 

49 

6-5A 

70. 

0.800 

2798. 

118. 

.042 

3499. 

.409 

17.57 

1 

59 

6-5A 

550. 

0.800 

2775. 

61 . 

.022 

3469 . 

.384 

17.45 

1 

69 

6-5B 

70. 

1 .300 

2822. 

183. 

.065 

2171 . 

.422 

28.35 

1 

00 

8-5B 

550. 

1 .300 

3325. 

328. 

.099 

2559. 

.438 

28.35 

1 

17 

8-5C 

70. 

1 .800 

3073. 

247. 

.080 

1706. 

.393 

39.81 

0 

77 

6-5C 

550. 

1.800 

4110. 

193. 

.047 

2285. 

.553 

39.53 

1 

04 

6-6A 

70. 

1 .033 

830. 

93. 

.112 

804. 

.163 

4.16 

2 

00 

6-6A 

550. 

1 .023 

854. 

37. 

.056 

640. 

.117 

4.15 

1 

57 

6-6B 

70. 

2.015 

2074. 

162. 

.078 

1029. 

.381 

8.12 

2 

55 

6*6B 

550. 

2.005 

1835. 

222. 

.121 

915. 

.379 

8.11 

2 

26 

6-6C 

70. 

3.007 

2380. 

287. 

.121 

791 . 

.428 

12.09 

1 

97 

8-6C 

550. 

3.010 

2265. 

325 . 

.144 

752. 

.356 

12.16 

1 

86 

6-7A 

70. 

1 .007 

1200. 

58. 

.048 

1192. 

.220 

4.07 

2 

95 

8-7A 

550. 

1 .007 

1217. 

66. 

.055 

1210. 

.239 

4.09 

2 

98 

8-7B' 

70. 

2.015 

2060. 

52. 

.025 

1022. 

.395 

8.27 

2 

49 

6“7B 

550. 

2.018 

1936. 

81 . 

.042 

960. 

.350 

8.19 

2 

36 

6-7C 

70. 

3.017 

2460. 

231 . 

. 094 

815. 

.458 

12.25 

2 

01 

8-7C 

550. 

3.020 

2473. 

82. 

.033 

819. 

.442 

12.38 

2 

00 

6-8A 

70. 

1 .023 

745. 

48. 

. 064 

727. 

.139 

4.17 

1 

78 

6-8A 

550. 

1 .007 

708. 

32. 

.045 

703. 

.127 

4.11 

1 

72 

S-8B 

70. 

2.010 

1180. 

34. 

.029 

587. 

.225 

8.07 

1 

46 

6-8B 

550. 

2.008 

1165. 

143. 

.123 

579 . 

.206 

8.06 

1 

45 

8-8C 

70. 

3.013 

1495. 

61 . 

.041 

496 . 

.268 

12.23 

1 

22 

6-8C 

550. 

3.010 

1765. 

276. 

.157 

586. 

.277 

11.99 

1 

48 

6-9A 

70. 

0.800 

2308. 

138. 

. 060 

2886. 

.302 

17.45 

1 

32 

6-8A 

550. 

0.800 

2367 . 

140. 

.059 

2956. 

.305 

17.57 

1 

35 

8-9B 

70. 

1.300 

2537. 

119. 

.047 

1948. 

.336 

28.65 

0 

89 

8-9B 

550. 

1.300 

2835. 

203. 

.071 

2180. 

.369 

28.25 

1 

00 



Table 8-5: ADVANCED JOINT FAILURE MODES 


SPECIMEN 

CONFIGURATION 

TEST 

NO. 


FAILURE MODE NUMBERS 
SEE TABLE 8-6 

116K (-250^F) 

294K (70'’F) 

561 K (550^F) 

5'^ Preformed 

la 

25.4 0.0) 

1 

1 

1 


lb 

50.8 (2.0) 

1 

1 

1 


Ic 

76.2 (3.0) 

2 

. - 

1 

1 

10"’ Preformed 

2a 

25.4 (1.0) 

1 

1 

1 


2b 

50.8 (2.0) 

3 

2 

2 


2c 

76.2 (3.0) 

3 

2, 3 

3 

Preformed 

3a 

25.4 (1.0) 

1, 2 

1 

1 

■ 


3b 

50.8 (2.0) 

3, 4 

3 

3 


3c 

76.2 (3.0) 

4 

4 

1.4 

Scalloped 

4a 

25.4 (1.0) 


5 

5 

Single-Lap 

4b 

50.8 (2.0) 


5 

5 


4c 

76.2 (3.0) 


5 

5 

-Scalloped 

5a 

20.3 (0.8) 

1^91^8 

6 

6 

Double-Lap 

5b 

33.0 (1.3) 


6 

6 


5c 

45.7 (1.8) 


6 

6 

Softening Strip 

6a 

25.4 (1.0) 


7 

7 

Single-Lap 

6b 

50.8 (2.0) 


7A 

7, 7A 


6c 

76.2 (3.0) 


7A 

7A 

Fabric Interface 

7a 

25.4 (1.0) 


8 

8 

Single- Lap 

7b 

50.8 (2.0) 


8 

8 


7c 

76.2 (3.0) 

^bb^b 

8A 

8, 8A 

Basel ine 

8a 

25.4 (1.0) 


9 

9 

Single-Lap 

8b 

50.8 (2.0) 


9 

9 


8c 

76.2 (3.0) 

iBSBS 

9 

9 

Basel ine 

9a 

20.3 (0.8) 


10 

10 

Double-Lap 

9b 

33.0 (1.3) 


10 

10 
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Table 8-6 Advanced Joint Failure Modes 


Failure 

Mode No. Failure Mode 


1. Intralamina failure in adherend first ply + 
adherend-adhesive interface failure 

2. Interlamina f ai lure in adherend + some tensile 
failures of individual plies 

3. Inter lamina failure through adherend + tensile 
failures of individual plies 

4. Tensile failure of adherend at preformed bend 

5. Adhesive failure at adherend-adhesive interface- 
single lap joint 

6. Adhesive failure at adherend-adhesive interface- 
double lap joint 

7. Interlamina failure between S-glass/PI plies 

7A. Interlamina failure between S-glass/PI plies 

+ interlamina failure in adherend 

8. Interlamina failure between Gr/PI fabric plies 

8A. Interlamina failure between Gr/PI fabric plies 

+ interlamina failure in adherend 

9. Intralamina failure in adherend 

10. Intralamina failure in adherend + adherend- 
adhesive interface failure 


Typical Failure 

Figure 8-11 

Figure 8-12 

Figure 8-13 

Figure 8-14 
igure 8-15 

Figure 8-16 

Figure 8-17 
Figure 8-18 

Figure 8-19 
Figure 8-20 

Figure 8-21 
Figure 8-22 
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8.4.1 Preformed Adherends 


Results of the preformed adherend tests demonstrate that preforming the 
adherends of a single lap joint gives a significant increase in load carrying 
capability. Figures 8-23 and 8-24 show the effect of preforming for tempera- 
tures of 294K (70°F) and 561K (550°F). The average failure load for each lap 
length is normalized by the average failure load for the baseline (straight 
adherends) configuration with the same lap length. In all cases, preforming 
the adherends increased the average failure load. Increases ranged from 92% 
to 262% at 294K (70°F) and from 46% to 234% at 561K (550°F). No comparisons 
were made at 116K (-250°K) because there was no baseline data at this tempera- 
ture; however, results similar to the 294K (70®F) tests would be expected. 

Results of testing by Sawyer and Cooper (Ref. 5) of aluminum to aluminum 
preformed adherend single lap joints also indicated substantial improvement 
in performance over straight adherend single lap joints. Their results indi- 
cated that the longer the lap length, the greater the improvement in perform- 
ance. The reverse trend is indicated in Figures 8-23 and 8-24 for the Gr/PI 
to Gr/PI joints. In this case the shortest lap length tested, 25.4mm (1.0 
in), showed the greatest increase in performance. 

The difference in performance trends exhibited by the aluminum to aluminum 
joints and the Gr/PI to Gr/PI joints can be explained by the different failure 
modes of the two joint types. The failures of the metal joints are character- 
ized by shear and peel failures in the adhesive. Since preforming the adher- 
ends reduces the peak shear and peel stresses, and increasing the lap length 
reduces the average shear stress, it would be expected that there would be a 
greater increase in performance with longer lap lengths. However, failures of 
the composite joints are characterized by peel failures in the adherends. 

This is due to the low inter lamina tension strength of the ccmiposite. Pre- 
forming the adherends reduces these peel stresses in the joint. This is 
indicated by the large improvement in performance for the 25.4mn (1.0 in) lap 
length joints. For the longer lap lengths the offset caused by the preformed 
angle is greater than that necessary to geometrically align the adherends. 
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This result In moments in the adherend causing the joint to deform as shown in 
Figure 8-25. This causes initial failures in the outer plies at the point 
indicated, resulting in a smaller percentage performance Increase than for 
the shorter lap lengths. This failure trend is shown by failure modes 3 and 4 
(see Figures 8-13 and 8-14). Mode 4 is the extreme case of complete adherend 
failure outside the joint. 

Figures 8-26 through 8-28 show failure load versus preform angle for the three 
lap lengths tested. Data for 25.4mm and 50.8mm (1.0 and 2.0 inches) lap 
lengths show an increase in failure load going from 5° to 10° and a leveling 
off or dropping in load going from 10° to 15°. The 15° preform angle causes 
the maximum offset in the adherends and results in the largest moments in the 
area of the preformed angle (see Figure 8-10 and compare to Figure 8-25). 

This results in delaminations and peel failures of the laminate at these 
locations, as noted, and a corresponding reduction in joint strength. For the 
76.2mm (3.0 inch) lap length the opposite performance trend is obtained. 

There is a drop in failure load going from 5° to 10° and then an increase going 
from 10° to 15°. The offset at 10° for the 76.2mm (3.0 inch) lap length is 
greater than or equal to the offset at 15° for the shorter lap lengths and may 
explain the similar drop in failure load. At 15° the specimens with 76.2mm 
(3.0 inch) lap lengths had a completely different failure mode. The adherends 
failed outside the joint area except for two specimens at 561K (550°F). There 
is no readily apparent explanation as to why there was not a interlaminar 
joint failure at a lower load similar to the 10°, 76.2mm (3.0 inch) specimens. 
It is possible that there was an early delamination of the adherend due to the 
large offset which weakened it and caused it to act as a hinge. This would 
result in a rapid alignment of load without introducing any peel stresses. 

The already weakened adherend would then fail in tension. 

Typical failed specimens for the different angles, lap lengths and tanpiera- 
tures tested are shown in Figures 8-29 through 8-37. 

) 
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8.4.2 Scalloped Adherends 


Effects of scalloping the ends of the adherends in the single and double lap 
joints are shown in Figures 8-38 through 8-41. Average failure load versus 
lap length are shown for both the scalloped configurations and the baseline 
configurations at 294K (70°F) and 561K (550°F). There was no change in 
strength for the single lap joints, while the scalloped double lap joints 
showed an average increase in strength of 17%. Figures 8-42 through 8-45 show 
typical failed specimens for the single and double lap joints. 

The difference between these two cases can be attributed to the different 
failure mechanisms of a single versus double lap joint. The failure in a 
single lap joint is governed by both the moment introduced in the joint and by 
peel stresses. The failure in the double lap joints is governed primarily by 
the peel stresses in the inner adherend at the end of the lap. Since scallop- 
ing the ends of the adherends was designed to reduce the peel stresses at the 
end of the lap, it would be expected that the double lap joints would be more 
affected by scalloping than the single lap joints. 
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8.4.3 Fabric Interfaces 


Figures 8-46 and 8-47 compare the strengths of single lap joints with a Gr/PI 
fabric interface and with a S-glass/PI fabric interface to the baseline data 
at 294K (70°F) and 561K (550°F). For all cases, except the 25.4mm (1.0 in) 
lap length S-glass/PI fabric specimens, there was a significant increase in 
joint strength. The increase in strength can be attributed to a reduction in 
peak shear and peel stresses due to the softer interface materials. Typical 
failed specimens for the S-glass/PI configuration are shown in Figures 8-48 
and 8-49, while those for the Gr/PI fabric configuration are shown in Figures 
8-50 and 8-51. 

For both configurations there were two slightly different failure modes 
exhibited. The shorter lap lengths had delamination between the fabric layers 
over the total joint length (failure modes 7 and 8— see Figures 8-17 and 8- 
19). The longer lap lengths had delamination between the fabric layers on 
one-half of the joint length and delamination of the Gr/PI adherend between 
the first and second plies over the other one-half of the joint (failure modes 
on 7A and 8A~see Figures 8-18 and 8-20). It is believed that for the second 
case the failure between the fabric layers occurred first. If the Gr/PI tape 
had delaminated first, it seems its inherent low peel strength would have made 
it propagate along the entire joint length. It is not known what the effect 
would be of reducing the number of fabric layers from two to one in order to 
eliminate delaminations between the fabric layers. 
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8.4.4 Qual ity Control Comparison 

Since the advanced bonded joints were fabricated from a material lot which had 
quality control data si ightly lower than required, standard single and double 
lap joints were included in Matrix 6 as a baseline. Comparisons of these 
baseline joints to the same joint configuration from Matrix 3 are made in 
Figures 8-52 through 8-55. 

For single lap specimens, the Matrix 6 joints had a higher average failure 
load at 50.8mm (2.0 in) and 76.2mm (3.0 in) lap lengths, and a lower load for 
the 25.4mm (1.0 in) lap length. For double lap specimens the Matrix 6 joints 
were stronger at 294K (70°F) and approximately equivalent at 561 (550°F) to 
the Matrix 3 joints. Typical failed specimens for the single and double lap 
baseline joints are shown in Figures 8-56 through 8-59. 

In general, Matrix 6 specimens, which were made from material considered poor 
quality, performed better than Matrix 3 specimens, which were made from 
acceptable qual ity material . This indicates that the quality control test 
parameters are not truly indicative of expected .material performance. Better 
test standards should be developed to avoid discarding expensive material. 
Another possible explanation may be that the quality control panel was made 
from a portion of the prepreg roll that was bad. This would require that 
quality control panels be made from several locations within the prepreg roll 
to verify the entire lot of material. Normal processing would require a 
quality control panel be run in each autoclave run used to make laminates. 

This panel would be made from that portion of the prepreg roll currently being 
used. Test results from this panel would then verify the material as well as 
the autoclave run. This was not done on this program because of the addi- 
tional cost and schedule implications. It is recommended that such a proce- 
dure be followed for any production type programs. 


202 





FRIl-URE LORD 
(LBSJ 


r \3 

o 


2500 I- 


MRTRIX S V5, MRTRIX 3 BR5ELINE SINGLE LRP JOINTS 

CELION 3OO0/F»Vf=J-15 
5S1 K C550 FJ 


2250 


2000 


1750 


1500 


1250 


lOOO 


750 


500 


250 


lOr- 


O 


I L 


a o 


X 


0. 5 


X 



10 20 30 40 

Mrn 

■J I I 1__J I 1 L___J 1 I L 


50 60 70 80 

! 1 I 1 I 1 1 1 1 


LRP LENGTH 


2. O 


2. 5 


3. O 


Figure 8-53: MATRIX 6 VS. MATRIX 3 BASELINE SINGLE LAP JOINTS 


FRILURE LORD 
tLBSl 


r\3 

O 

cn 


MRTRIX 6 VS, MRTRJX 3 BR5ELINE DOUBLE LRP JOINTS 


3000 r 


CELION 3000/PVR- 15 
294 K t70 F) 


2750 

2500 

2250 

2000 

1750 

1500 

1250 

1000 

750 

500 

250 

O 



a 0 0. 5 1.0 1. 5 2. 0 

aNi 

LRP LENGTH 

Figure 8-54: MATRIX 6 VS. MATRIX 3 BASELINE D0UK.E LAP JOINTS 















9.0 TEST/ANALYSIS CORRELATION 

9.1 Finite Element Analysis (Boeing IR&D) 

Finite element analyses of single and double lap joints were performed using 
Boeing’s BOPACE program. BOPACE allows detailed study of local stresses and 
deformations and has the following features and capabilities: 

0 Material nonlinearity (adhesive plasticity, creep and viscosity) 

0 Geometric nonlinearity (eccentricities, large rotations, large strains) 

0 Temperature-dependent material properties 
0 Material anisotropy 

0 Automatic mesh generation 

0 Graphics capability (undeformed & deformed pictures) 

0 Accurate elements (appropriate high order, crack-tip & singular 

capability) 

Simple analyses were performed on single lap joints with and without tapered 
adherends to demonstrate possible output formats and how visual display of 
results can be easily interpreted. Finite element models and deformations for 
the two joints analyzed are shown in Figures 9-1 through 9-4. 

9.1.1 Study of Finite Element Modeling Techniques— Double Lap Joints 

Results of finite element analyses are strongly dependent on element size and 
modeling techniques. Ideally, smaller elements are required in areas of high 
stress concentrations; however, smaller elements also result in larger 
computer usage times and a corresponding increase in cost. Boeing IR&D funds 
were used to perform finite element modeling studies of bonded joints in an 
attempt to optimize element size and distributions and still obtain accept- 
able analysis results. Studies were performed to address the following areas 
and to assess their impact on analysis results. 

0 Required element size near stress risers 

0 Acceptability of rezoning to larger elements, away from stress risers 
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0 


Effect of lamina property averaging when element size exceeds lamina 
thickness 

0 Possible discretization requirements dictated by lamina and adhesive 
material interfaces. 

The modeling studies were performed on a composite double lap bonded joint as 
shown in Figure 9-5. The ends of the outer adherends were cut at approxi- 
mately a 0.977 rad. (56°) angle to reduce the severity of the local stress/ 
strain state. Previous calculations (see Figure 9-4) indicated that this 
provides improved joint performance. The joint was loaded in tension by 
displacing the ends 0.254 mm (.01 in). An elastic, geometrically linear 
analysis was performed. Because of symmetry, only one quarter of the joint 
was actually modeled. The modeled area and boundary conditions and material 
properties used are shown in Figure 9-5. 

Four models were studied, each using different mesh refinement and arrange- 
ments. Figures 9-6 through 9-15 show the finite element models used along 
with different stresses plotted along particular lines of elements. The 
stress plots given include: 

0 Ov» 0 - 7 » 3nd Ty, -vs- X in the 0° lamina adjacent to the adhesive layer. 
(Figures 9-6 through 9-9). 

0 Xxz "VS- X along the adhesive centerline (Figures 9-10 through 9-13) 

0 Xxz "VS- z (through the thickness) at the centerline of the joint. 
(Figures 9-10 through 9-13) 

0 and -vs- z at x = 21.13 mm (0.832 in) (near the end of the 

overlap), to show stress dependence on lamina orientation angle and on 
element size relative to lamina thickness. (Figures 9-14 and 9-15) 

The stress values plotted are at the geometric centers of the elonents. 
Figures 9-16 and 9-17 show deformed models which illustrate the deformational 
behavior of the joints. Note that different plot scales have been used in 
some of the figures. All models were the same size and geometry except model 
#4 which had a particularly fine mesh in the regions of stress concentration 
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at the ends of the overlap zone. The 0.25 mm (0.01 in) half gap (see Fig. 9- 
9) between the principal adherends was made one element wide which is smaller 
in this model than in the previous three models which had 0.51 mm (0.02 in) 
half gaps (see Figures 9-6, 9-7, and 9-8). In fine mesh models such as this, 
economy dictated including zones of coarse elements in noncritical areas, 
particularly if nonlinear analysis is planned. Such rezoning was included in 
all of the three finer mesh models (Figures 9-7, 9-8, and 9-9) considered. In 
coarse models, or in models with local large element sizes, two lamina of 
material are often modeled by a single element. In these studies, the +45° 
and -45° and also the 0° and 90° lamina were sometimes combined. In these 
instances, the material properties were averaged for the appropriate 
elements. 

In model #2 (Figures 9-7 and 9-11) each lamina near an area of stress concen- 
tration was represented by a single element in the z-direction. In model #1 
(Figures 9-6 and 9-10) however, only specific lamina were represented by 
single elements in the z-direction and these were throughout the model. 

Models #3 and #4 (Figures 9-8 and 9-9) basically incorporated x-di recti on 
refinements of the #2 model, with model #4 (Figure 9-9) having a very fine 
grid near areas of stress concentration. Note also that in the plots for 
model #4 (Figure 9-13), is approaching zero near the free edge of the 
adhesive. This is due to the adhesive extension. 

The plotted stresses and the deformed structure figures suggested the conclu- 
sions listed below which were incorporated into later models. Note that these 
conclusions were affected by several joint configuration details; namely, (1) 
the 0.977 rad (56°) tapering of the outer adherends, (2) the gap between the 
adherends at the joint centerline; and (3) the particular stacking arrange- 
ment used. 

0 The peak stresses ^z not strongly dependent on mesh 

fineness, although for the coarsest model used some loss of accuracy is 
necessarily present. This assumes that the stresses are evaluated at 
some fixed point away from the end of the adherend. 
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0 Lamina property averaging across large elements essentially results in 
predicted stresses which are an average of the values for the individual 
lamina (Figure 9-15). However it is seen in the deformed structure plots 
(Figures 9-16 and 9-17) that a deformation anomaly occurs at junctions 
between large and small elements where property averaging 0° and 90° 
plies have been done. This results from the load path eccentricity 
relative to the larger element size. 

0 The magnitude of the gap between the inner adherends has an important 

influence on stress levels* (t^^^ Figure 9-13 as compared to Figures 9- 
10, 9-11, and 9-12). 

0 Near stress concentrations, the value of the stress at the center of the 
element (or at other internal locations) may differ significantly from 
those at the edges of elements. 

Results of the previous studies showed the critical areas to be in the 
adhesive and 0^ in the lamina adjacent to the adhesive in the inner adherend 
near the edge of the lap. Additional analyses were performed focusing on 
these two areas. The joint configuration, boundary conditions, loading and 
material properties used in this phase are shown in Figure 9-18. Analyses 
evaluated the effects of z-grid changes with the x-grid fixed and the effect 
of x-grid changes with the z-grid fixed. A summary of the models analyzed is 
given in Table 9-1. 

Models 2A to 2E kept x-direction grid size unchanged while changing the lamina 
and adhesive representation. The coarsest model, 2A, used 1 element to 
represent the adhesive, 1 element to represent the 0° lamina, and 1 element to 
represent the (+45,902»+45) lamina. The finest model, 2E, used 3. elements 
through the thickness of the adhesive, represented the +45 and 902° laminae 
separately, and used 2 elements through the thickness of the 0° lamina nearest 
the adhesive. 

* The large (44.13 MN/m2 ( 5.4 ksi)). Figure 9-13, for the finest mesh 
model resulted from a shortened gap between the inner adherends, rather 
than from the mesh fineness itself. 
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Changing from 1 element to 3 elements in the adhesive. Figure 9-19 and 9-20, 
changed the peak adhesive shear stress, by less than 4%. (45.38 MPa 

(6568 psi) to 47.1 MPa (6830 psi)). 

The normal stress, in both the adhesive and the lamina adjacent to the 
adhesive increased as the adhesive representation was changed. Changing from 
1 to 2 elements. Figures 9-21 and 9-22, changed 0^ in the adjacent adherend 
lamina by nearly 12% (8.3 MPa (1205 psi) to 9.3 MPa (1345 psi)). Changing 
from 2 to 3 elements. Figures 9-22 and 9-23, changed 0^ by an additional 2% 
(9.3 MPa (1345 psi) to 9.5 MPa (1370 psi)). 

A summary of and O stresses as a function of model changes is shown in 
Figure 9-24. Increasing the 0° lamina nearest the adhesive from 1 to 2 
elements. Model 2D to 2E, (the number of adhesive elements remain constant at 
three) did not appreciably change 

Subsequently, models were analyzed which had 4 and 5 adhesive elements. The 
shear stress, Ty,» and normal stress, for the adhesive and lamina adjacent 
to the adhesive for all of the adhesive models are summarized in Table 9-2. 

An increase from 2 to 5 adhesive elements had no appreciable effect on the 
maximum shear stresses, however, the peak normal stress, in the 
adhesive asymptotically approaches the value of in the splice plate lamina 
adjacent to the adhesive. Note, however, that the peak values of in the 
lamina adjacent to the adhesive do not appreciably change while going from 2 
to 5 adhesive elements. Thus it was decided to use only 2 elements through 
the adhesive thickness for all subsequent finite element analyses. 

Models lA to ID kept z-direction modeling constant and changed the x-direction 
grid size (see Table 9-1). All stresses in the areas of stress concentration 
increased with decreasing grid size, but again in the adhesive, and in 
the lamina adjacent to the adhesive near the edge of the lap are of greatest 
interest. 
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Between models 1C and ID, Figures 9-25 and 9-26, increased and the peak of 
the curve moved closer to the edge of the lap. Plots of -vs-x show little 
divergence between the 2 models up to within 1-1/2 adhesive thicknesses .381 
mm (.015 in) of the edge of the lap (see Figure 9-27). 

Figures 9-28 and 9-29 show in the lamina adjacent to the adhesive increased 
significantly from Model 1C to Model ID. Plots of O^-vs-x, (Figure 9-30) show 
that 0^ does not diverge appreciably from Model 1C to ID until 1 adhesive 
thickness .254 mm (.01 in) from the edge of the lap. (At 1 adhesive thick- 
ness, 6 ^ differs by 4%, at 1-1/2 times the thickness, 0^ differs less than 
2%.) A distance of 1 adhesive thickness in from the edge of the lap appears to 
be a good location for the comparison of from one layup to another (see 
Figure 9-31). 

The effect of adding an adhesive fillet at the end of the splice plate was 
also studied. Models 1C and ID were used as the reference models for this 
study. Analyses were conducted for two different minimum element sizes in the 
x-grid direction; 0.254 mm (0.01 in) minimum (Model 1C, Table 9-1) and 0.127 
mm (0,005 in) minimum (Model ID, Table 9-1). The fillet was assumed to be a 
0.75 rad (45°) triangular shape. Analysis results are summarized in Table 
9-3. Comparing adhesive stresses at a common reference point, 0.254 mm (0.01 
in) inward (toward <t,) from the edge of the splice plate, shows a reduction in 
Ty 7 3 significant reduction in 0 with the addition of a fillet; however, 
the 0^ stress increases. At the same reference point, the 0 ^ stress in the 
adherend lamina adjacent to the adhesive is also significantly reduced with 
the addition of a fillet. 

In a double lap joint the peak 0 ^ stress in the adherend lamina adjacent to 
the adhesive occurs near the end of the splice plate. Reducing the minimum 
element size. Model 1C to Model ID, caused an increase in peak and also 
moved its location nearer the end of the splice plate. The peak occurs in the 
center of the last adhesive element. Adding a fillet to the coarse grid. 
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Model 1C, also increased the peak 0 ^ and, in addition, moved it so that it 
peaks directly under the fillet. Adding a fillet to the fine grid. Model ID, 
did not increase the peak stress; however, the location did move so that it 
occurred directly under the fillet (see Figure 9-32). 

The following conclusions can be drawn from the modeling studies: 

0 Laminate property averaging across large elements gives valid results. 

0 The magnitude of the gap between the inner adherends has an important 
influence on stress levels. 

0 A highly refined mesh in the adhesive region is not required. Two 
elements through the adhesive thickness are sufficient. 

0 When comparing results from two models it is important to keep the 
x-direction grid size constant. 

0 Adding an adhesive fillet would appear to have little effect on joint 
strength, as the fillet changes the location of the peak 0^ in the inner 
adherend but does not reduce it. 


217 



Figure 9-1: UNDEFORMED STRUCTURE - UNIFORM GRID MODEL 



Figure 9-2: DEFORMED STRUCTURE - UNIFORM GRID MODEL 
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Figure 9-3: TAPERED SINGLE LAP UNDEFORMED STRUCTURE - 
VARIABLE GRID MODEL 
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Figure 9-7: MODEL #2 - UNDEFORMED STRUCTURE 
(z-dl recti on grid refinement of Model #1) 
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Figure 9-9: MODEL #4 - UNDEFORMED STRUCTURE 
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Figure 9-10: MODEL #1 - ADHESIVE AND SPLICE PLATE STRESSES 
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Figure 9-11 1 MODEL #2 - ADHESIVE AND SPLICE PLATE STRESSES 
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Figure 9-13: MODEL #4 - ADHESIVE & SPLICE PLATE STRESSES 
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Figure 9-15: STRESSES IN MODELS #1, #2, and #3 AT LOCATION SPECIFIED IN FIGURE 9-14 
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Table 9-1: SUMMARY OF MODELS USED IN STUDY OF MODELING TECHNIQUES OF A DOUBLE-LAP 
. BONDED JOINT - (0,+45.90)g LAMINATE 


MODEL 

NO. 

X-DIRECTION GRID 
REPRESENTATION 

Z-DIRECTION GRID 
REPRESENTATION 

DIM. OF SMALLEST ELEMENT 

NO. OF ELEMENTS IN Z- 

DIRECTION 


IN AREAS OF HIGH STRESS 

ADHESIVE 

0° LAMINA 

(±45,90)^ 

2A 

0.762 mm (.03 in) 

1 

1 

1 

2B 

0.762 mm (.03 in) 

1 

1 

3 

2C 

0.762 mm (.03 in) 

2 

1 

3 

2D 

0.762 mm (.03 in) 

3 

1 

3 

2E 

0.762 mm (.03 in) 

3 

2 

3 

1A 

1.52 mm ( . 06 in) 

1 

1 

3 

IB 

0.762 mm (.03 in) 

1 

1 

3 

1C 

0.254 mm (.01 in) 

1 

1 

3 

ID 

0.127 mm (.005 in) 

1 

1 

3 





Figure 9-19: ADHESIVE SHEAR STRESS stress 

area ■ .762 inn (.03 In) 

ro 

OJ 



LOCATION OF 
STRESS PLOr“ 



ADHEREND 


A * 

.381 mm 
(.015 1n) 


- MODEL 2D APPLIED LOAD “ 420 MPa 

(60,900 psi) 


ro 

cn 


Figure 9-20: ADHESIVE SHEAR STRESS 
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Figure 9-24: EFFECTS OF Z-GRID CHANGES ON STRESS LEVaS 
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Table .9-2; FINITE ELEMENT ANALYSIS - DOUBLE LAP JOINT VARYING NUMBER OF ADHESIVE ELEMENTS 


STRESS 

NUMBER OF ADHESIVE ELEMENTS 

1 

2 

3 

4 

5 

PEAK ADHESIVE* 

MPa (psi ) ^ 

45,3 

(6570) 

47.2 

(6850) 

47.1 

(6830) 

47.1 

(6830) 

47.1 

(6830) 

ADHEREND* 
MPa (psi) 

30.1 

(4370) 

31.6 

(4585) 

31.9 

(4625) 

32.0 

(4640) 

32.1 

(4650) 

SPLICE PLATE* 
MPa (psi ) 

35.3 

(5120) 

33.3 

(4830) 

33.2 

(4810) 

33.0 

(4790) 

33.0 

(4790) 

PEAK ADHESIVE* 

MPa (psi) 

11.7 

(1700) 

18.4 

(2665) 

19.5 

(2835) 

20.0 

(2905) 

20.3 

(2945) 

«z ADHEREND* 
MPa (ps1) 

8.3 

(1205) 

9.3 

(1345) 

9.4 

(1370) 

9.5 

(1380) 

9 5 
(1385) 

SPLICE PLATE* 
MPa (psi) 

22.6' 

(3285) 

21 .4 
(3105) 

21.2 

(3070) 

21.1 

(3060) 

21.0 

(3050) 


Stresses shown are .381 nm (.015 1n) from end of splice plate. 
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Figure 9-26: ADHESIVE SHEAR STRESS 
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Table 9-3: FINITE ELEMENT ANALYSIS - DOUBLE LAP JOINT EFFECT OF ADHESIVE FILLET 


LOCATION 

ITEM 

MODEL 1C 
.245 mm (.01 In) 
Minimum Element 

MODEL ID 

.127 m (.005 In) 
Minimum Element 

WITHOUT 
FILLET 
MPa (ps1 ) 

WITH 
FILLET 
(MPa (psi) 

WITHOUT 
FILLET 
MPa (ps1) 

WITH 
FILLET 
MPa (psi) 

adhesive 

.254 MK . 

(.01 In) 
FROM END OF 
SPLICE PUTE 

^xz 

46.9 

(6800) 

46.8 

(6790) 

50.7 

(7360) 

47,4 

(6880) 


23.4 

(3400) 

13.1 

(1900) 

23.8 

(3450) 

13.1 

(1900) 

"x 

23.6 

(3420) 

34.1 

(4950) 

27.9 

(4050) 

34.1 

(4950) 

ADHEREND 
LAMINA 
ADJACENT 
TO ADHESIVE 

Lamina 

22.0 

(3190) 

12.5 

(1820) 

22.2 

(3220) 

11.7 

(1700) 

Peak z Laniina 

31.2 

(4520) 

52.3 

(7580) 

53.3 

(7730) 

53.4 

(7750) 


(D> .254 m (.01 1n) From End of Splice Plate 






9.1.2 Double Lap Joints 

Finite element analyses were conducted on 3 double lap bonded joint configura- 
tions chosen from standard joint test matrix 3D, (See Section 4-1, Fig. 4-6). 
Configurations chosen were test set 3D-4a-(02, ±452, ^3^2s* 

90)gg, 3D-5a-(±45, 0, 90)gg. The first had a very stiff zone, three 0° lamina 
adjacent to the adhesive, the second, one 0® lamina adjacent to the adhesive 
and the third a very soft zone, ±45° lamina nearest the adhesive. Figure 9-33 
shows the general characteristics of the three models. Figure 9-34 gives the 
modulus matrix used for the analysis. 

These analyses were used to predict trends or to compare stress levels in one 
joint with another. No predictions of failure load or joint strength were 
made at the time the analyses were conducted. 

The modeling studies showed it is important to keep x-di recti on grid size 
constant when making comparisons between models. Z-direction grid size is 
somewhat less important. The representation of the adhesive by two elements 
in the z-direction was kept constant for each joint, but the z-direction grid 
for the laminates was dictated by individual lamina groups. 

Model 3D-4a had 408 quadrilateral plate elements and both 3D-2b and 3D-5a had 
512 elements. The x-direction grid remained unchanged from model to model. 

The width of the smallest element in areas of stress concentration was .254 mm 
(.01 in). The thickest element in model 3D-2b was .381 mm (.015 in) in height 
which represented (±45°, 9 O 2 , ±45°) lamina. The 0° lamina were represented 
individually. The thickest element in 3D-4a was also .381 mn (.015 in) and 
represented both ±452 and 90g lamina. Again, the 0° lamina were represented 
individually. The thickest element in 3D-5a was .254 mm (.01 in) and repre- 
sented the (0°, 90°2, 0°) lamina. Both of the 0° lamina nearest the adhesive 
were represented individually. 

The analysis assumed a geometrically linear and elastic material and a plain 
strain condition. Boundary conditions are as shown in Figure 9-18. The joint 
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was loaded by displacing the free end by .254 irm (.01 in) in the "positive" 
x-direction, 267 MPa (38.7 ksi)). This loading overstresses the adhe- 
sive, but as these analyses are elastic* the displacements and stresses may be 
ratioed as necessary. . 

A comparison of the three joints show that all have the same extensional 
stiffness, but the flexural stiffness is quite different; however, flexural 
stiffness is a much less important parameter for double lap joints than for 
single lap. 

Each of the joints studied was designed to fail in the joint rather than the 
adherend outside the joint. Thus, the adherend laminate is lightly loaded and 
the critical stresses are the adhesive shear stress, inner 

adherend peel stress, (J^* in the lamina adjacent to the adhesive near the edge 
of the lap. The latter becomes increasingly important as the adherend becomes 
thicker. 

Approximately a 4% drop (53.12 MPa (7705 psi) to 51.0 MPa (7397 psi)) in peak 
shear stress in the adhesive was achieved by changing the three 0° lamina 
nearest the adhesive to one 0° lamina. Another 4.5% reduction (51.0 MPa (7397 
psi) to 48.88 MPa (7090 psi)) in the peak adhesive shear stress was achieved 
by placing the +45° lamina next to the adhesive (see Figures 9-35 through 9- 
38). . 

A very stiff zone, such as the three 0° lamina next to the adhesive, together 
with the condition of equal strain, in the adherend and the splice plate 
requires extremely rapid transfer of load between the stiff three 0° lamina 
resulting in a very high peak shear stress in the adhesive. A soft buffer 
next to the adhesive, i.e., the +45° lamina, transfers load more slowly with 
lower shear stress in the adhesive. This is accomplished by allowing addi- 
tional shear strain across this soft zone, weakening the condition of equal 
strain, in the adherends and in the splice plates. 
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The stress in the lamina nearest the adhesive is also an important parame- 
ter. Changing from a stiff zone, three 0° lamina, to a soft zone, the +45® 
lamina, increased by approximately 6 % (50.08 MPa (7264 psi) to 53.07 MPa 
(7697 psi)) as shown in Figures 9-39 through 9-42. 

In conclusion, these analyses indicate that it would be advantageous to have a 
soft zone (i.e., ^45®) adjacent to the adhesive in a double lap joint. This 
would produce a decrease in adhesive shear stress, leading to an increase in 
joint strength provided the 0^ strength of the laminate is not exceeded. 
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Figure 9-33: DOUBLE LAP BONDED JOINT CONFIGURATION 
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Figure 9-34: ON-AXIS MATERIAL PROPERTIES (MODULUS) USED IN 
FINITE ELEMENT ANALYSIS 


254 






LOCATION OF 
STRESS PLOT-- 


fM 

tn 

o> 



ADHEREND 



MODEL 3D-2b 




12,24 (1775) 


^ » .254 mn 
(.01 In) 

(a * 267 MPa) 
(38,700) 


rj 


n . AnuccTxic cucad rr t. rr CTOrcc 








'Edge of Lap 







LOCATION OF 
STRESS PLOTS - 



(2311) 



Figure 9-39 



- .254 mm 

(0.01 in) 

267 MPi 

"" (38,700 psi) 


a_ IN 0° LAMINA 


51.18 

(7423 


IN ADHEREND 


17*53 

(2542) 


21.47 

(3114) 


32.54 

(4720), 


IN SPLICE PLATE 


MPa 

(psi) 


19.2 

(2785) 


SPLICE PLATE 


iiiiliHi 

IIIIIIHI 


LOCATION OF — 
STRESS PLOTS - 


ADHESIVE 


SPLICE PUTE (0.+45,90)3^ 
ADHEREND (0.+45.90)gj 


MODEL 3D-2b 


ADHEREND 


A " .254 mn 
: (0.01 In) 

:a- 267 MP« 


Q-An* CI_ IN n° lAMTNA 



NOTE: 

CT^ In +45° Lamina 

Is Approximately The 
Same 

The 0° Lamina In The 
Adherend, 



NOTE: j 

Lamina 

Is Approximately 
15-20% Higher Than 
Plotted For The 0° 

Lamina In The Splice Plate 


LOCATION OF- 
STRESS PLOTS- 


SPLICE PLATE 



SPLICE PLATE (+45.0.90)3j. 
ADHEREND (+45.0,90)gj 


fi 

i 


£ 









i 

'! 

fF 

m 


ga 






- 









— 


~ 























1 

1 





















1 

1 1 








... 

- 

— 

— 







— 

— 

- 

-I 

W- 

- 

— 

— 






MODEL 3D-5a 


ADHEREND 


A “ .254 mm 
(0.01 In) 

a- 267 MPa 

X 

(38,700 psi) 


ro 

CT» 


Figure 9-41 : 0° LAMINA NEAREST ADHESIVE 






9.1.3 Single Lap Joints 

L. 0. Hart-Smith suggests three distinct failure modes in a single lap bonded 
composite joint: 1) failure of the adherend outside the bonded region because 

of additional bending stresses, 2) failure of the adhesive in shear, and 3) 
failure of the composite at the interface near the end of the joint because of 
"peel" stresses in the adhesive or lamina (Ref, 6). 

Examination of the failed single lap joints tested for this program suggests 
the 3rd type of failure governed in nearly all cases. Therefore, any change 
that can reduce the peel stess, in the adhesive and in the lamina adjacent 
to the adhesive should increase the efficiency of the single lap joint. 

An elastic, geometrically nonlinear finite element analysis was performed on 
a graphite/polyimide to graph ite/polyimide single lap bonded joint. The 
joint was loaded in tension in three steps; = 43.18 N/cm (25 Ib/in), = 
87.5 N/cm (50 Ib/in), = 175 N/cm (100 lb/ in). Based on symmetry, one-half 
the joint was modeled. Joint model, boundary conditions and material propor- 
tion used are shown in Figure 9-43. 

The finite element analyses considered two layups for comparison; the 1st 
(02/1452/902)5 (model #4) and the 2nd (+452/02/902)5 (model #5). The exten- 
sional stiffness of the two layups is the same, but the flexural stiffness of 
the 1st is 66% greater than the 2nd. 

Stress distributions through the thickness of the joint are shown in Figures 
9-44 through 9-46 for the two models. A. comparison between them shows greater 
peel stresses in the adhesive for the 2nd layup (model 5). Peak peel stresses 
near the edge of the joint are approximately 30% greater. Shear stresses in 
the adhesive do not change significantly. Analysis results indicate that if 
the peel stresses are governing the joint failure, it is advantageous to 
increase the adherend bending stiffness. 
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BOUNDARY CONDITIONS 



B u ■ V « 0 


MATERIAL DATA 

© GR/PI - 137 GPa (20x10^ psi) 

^2 “ GP« (1 .6x10^ psi) 
u - .25 

G ^2 ■ 5.8 GPa (.85x10® psi) 

@ ADHESIVE G - 2.1 GPa (.309x10® psi) 
(Assumed Homogeneous & Isotropic) 


ro 

cr» 

■Ck 


Figure 9-43: GR/PI BONDED SINGLE-LAP JOINT 














Model 4 Adherend Lay-Up (O3/+4 5^/903)5 
Model 5 Adherend Lay-Up (±452/03/903)^ 


Figure 9 - 46 : LOCATION OF STRESS PLOTS 




9.2 Standard Joint Test/Analysis Correlation 


This section presents the various analysis methods used to correlate the 
standard joint test data. While several methods appear to give reasonable 
results, it is felt that these should be viewed only as "rough" prediction 
techniques. 

All bonded joints tested in this program had interlaminar peel or shear 
failures, with only a few exceptions of partial adhesive failure as noted in 
the previous sections. Analyses in the literature deal primarily with defin- 
ing stress distributions in the adhesive. The Hart-Smith analyses do, how- 
ever, address the peel and bending stresses in the adherends also. The types 
of failure modes in these tests present several problems in analyzing the 
bonded joint. The analysis must address the composite adherend stress state 
since this is where the failure occurred. The first problem is in determining 
the entire stress tensor— all six stress components— for the points in the 
adherends where the failure is believed to initiate. Only those stresses in 
the x-z plane ((j^, 0 ^ & (see Figure 9-44) were obtainable by the finite 
element analyses. This meant that the other three stress components 
Tyy) ^i^ve to be neglected. It is not obvious that this is a good assumption 
when analyzing joints which do not fail in the adhesive. Another difficulty in 
analyzing these joints was the inability to determine the initial failure mode 
— peel, interlaminar shear or bending — in the composite adherends. All of 
the specimens failed in the composite adherend, usually in the ply nearest to 
the adherend-adhesive interface. Since the primary failure mode, or combina- 
tion of modes was not known, the predominate stress component(s) could not be 
determined. 

Discussions of analysis/correlation attempts for single-lap and double- lap 
joints are presented separately in the following sections. Nomenclature used 
for these analyses are given in Table 9-4. 



Table 9-4 Test/Analysis Correlation Nomenclature 




c 



= Average stress in adherend 

= Eccentricity parameter = ^*'^ 0 /^^ 

= Adhesive thickness 

= Adherend thickness 

= Young's Modulus (longitudinal) for adherend 

= Poisson's ratio for adherend 

= D/( E-| t /12{l-\) )) = bending shiftness parameter 

= Flexural rigidity of adherents 

= Maximum peel strength of adhesive or adherend 
= Effective adhesive transverse tensile modulus 

= Adhesive shear modulus 

= Applied load on joint 

= Half length of overlap = L/2 

= Overlap length 

= Curvature in longitudinal direction in adherend 

= Strain in longitudinal direction in adherend 

= Flexural compliance 

= Young's modulus of a lamina in fiber direction 



9.2.1 Single Lap Joints. 


The A4EA single lap joint analysis code developed by L. J. Hart-Smith (Ref. 6) 
was chosen to be used to predict joint strengths. This code was selected 
because it addresses the adherend peel and bending stresses. First the 
program was modified to calculate the bending stress on the outer fiber of the 
composite adherend in the following manner. The bending moment in the adher- 
end at the end of the overlap is given by: 


M 


0 



Calculating the strain on the outer fiber in the adherend. 


ki = 

' E7t ^ 


The ratio of the stress in the outer fiber to the average stress in the 
adherend is given by, 



These modifications were used to calculate the outer fiber' stress as a func- 
tion of load. Joint failure was predicted when the outer fiber exceeded its 
ultimate strength. The failure load for this assumed failure mode was then 
compared to that for assumed peel and adhesive shear failures. It was found 
that the peel strength was the critical strength, as opposed to the bending 
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and shear strengths of the joint. This was as expected based on the test 
results. The peel strength is given by the equation (Ref. 6); 



Since the parameters and E were not known with any degree of certainty, 

^ 9 I 

the ratio of these parameters, varied in an attempt to 

find a correlation with the test data. This was unsuccessful. After further 
investigation of the A4EA code it was decided that changes should be made in 
the calculation of the moment in the adherends at the end of the overlap. Two 
different moment equations were substituted for the original equation in the 
code. 

The first involved the solution as derived by Hart-Smith (Ref. 6). The moment 
equation derived in that paper is: 



where 
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However, Hart-Smith simplified this equation down to: 



P( 


t + n 


1 

1 + Cc + ^2c2/6 


Taking the limit as c-^qo in the above two moment equations, it is found that 
the simplified moment equation approaches zero, while the full equation 
approaches a finite number, namely: 


1 imi t 


c-*oo 


Mn = P( 


t + 


Ub- 3{v2+^)J 


Thus, it appears that the simplifications made by Hart-Smith give different 
results, and the full moment equation was tried in the analysis. This moment 
equation was substituted into the A4EA code and produced a signif icantly 
better correlation with the test data. 


The second moment equation to be substituted into the A4EA code resulted from 
the analysis of Goland and Reissner (Ref. 7). They derived the following 
equation for the moment at the end of the overlap: 



cosh(U2c) ^ 

cosh(u2C) + 2 V?sinh(U2c)y 


where 



This equation also produced a good correlation with the test data, and 
appeared to be slightly better than the full Hart-Smith moment equation 
discussed above. 

Figures 9-47 and 9-48 compare test results with predicted joint strengths for 
assumed bending and peel failure modes. Predictions are based on the A4EA 
code with the three different equations for the moment. Bending strengths 
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were based on the outer fiber stress as discussed previously. Predicted joint 
strengths based on bending (Figure 9-47) are significantly higher than meas- 
ured and do not provide a reasonable correlation. Predicted strengths based 
on an assumed peel failure (Figure 9-48) provided significantly better corre- 
lation with test results. The best correlation is for the predictions using 
the modified moment equations. 


Figures 9-49 and 9-50 show the predicted strength curves and corresponding 

test data versus the lap length over thickness ratio (1/t) for 294K (70°F) and 

561K (550°F). No analysis was done for the -250°F cases as there was no 

material property data available for that temperature. Peel failures were 

assumed to occur when the assumed value of /E') was exceeded. Possible 

values of (o^2 /£') were estimated from known material properties. These 
^max ^ 

values were then varied to establish the best correlation with test results. 

Values of correlation are given in each figure. 

Note that slightly different values were used depending on which set of moment 

equations were being evaluated. In addition, the values were adjusted to 

reflect effects of temperature. Material property testing indicates that 

would probably drop faster with increased temperature than (J_ , resulting 

o ^max 

in a net increase in Cr /El. 

^max c 


Actual thicknesses of the single-lap adherends varied significantly as 
discussed previously. This had an effect on the flexural stiffness as summa- 
rized in Table 7-5. To determine the sensitivity of the joint strength to the 
flexural stiffness, predictions were made using the correlation discussed 
above. Predicted strengths for a range of flexural stiffness are shown in 
Figure 9-51. Increasing the flexural stiffness from 11.3 N-m (100 in-lbs) to 
113 N-m (1000 in-lbs) resulted in an increase in predicted strength from 10% 
to 41% depending on the lap length to thickness ratio. Most of the parameters 
evaluated on single lap joints were tested using lap length to thickness ratio 
of 33. At this ratio the analysis indicates only a +10% change in joint 
strength for an order of magnitude change in flexural stiffness. The signifi- 
cance of this is that variations in measured thicknesses discussed previously 
should not have an adverse effect on the test results. Possible variations 
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.) 


are well within the range of data scatter. On the other hand, possible 
changes in joint performance expected based on planned increases in flexural 
stiffness may not be discernible because of the large data scatter. 

No predictions were made for the unbalanced adherends and graphite-titanium 
configurations as the program was unable to handle these cases. 

The program still has several deficiencies. There is no provision for 
distinguishing between adherends with different ply orientations at the joint 
interface, and the effect of combined bending and peel stresses is not 
accounted for. 

An empirical correlation approach was also investigated. It was postulated 
that failure occurs when the maximum principal stress at the critical point in 
the adherend reaches a certain value. The stresses at the critical point 
(directly under the end of the adherend) were calculated by: 



Where is given by the following equation from Reference 8: 


U2 cosh(U2C) sinh(u-|il) 

U2 sinhCu^x.) cosh(U2c) + cosh(u-|£) sinh{u2C) 
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The relations forXJ^ and were the performance trends as determined from 
the analysis results presented in Reference 8.' These relations were picked as 
typical of the range of values. The limiting maximum principal stress was 
found by using the measured failure load for test set (3A-7A). This maximum 
principal stress was then used to predict the failure loads for the other test 
sets. Figure 9-52 shows the empirically predicted and actual failure loads vs 
lap length for test sets (3A-7A), (3A-1A), (3A-1B) and (3A-1C). 

A summary of all the predictions is given in Figures 9-53 and 9-54. Actual 
strengths as compared with A4EA analysis program predictions and empirical 
predictions for eight single lap joint configurations at 294K (70°F) and five 
at 561K (550°F). The plus/minus one standard deviation range is shown for the 
actual strengths. 
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Temperature = 294K (70°F) 

Adherend thickness = 1.8 mm (.07 in) 



X “ Test data 


Original simplified Hart-3nith 
moment equation. 


Full Hart-Smith 
moment equation 


Goland & Reissner 
moment equation 




FAILURE LOAD 
(lbs/ in) 



ADHEREND THIC 
Figure 9-48: PREDICTED STRENGTH OF SI 



FAILURE LOAD 
(Ibs/ln) 


Temperature = 294K (TO^^F) 

Adherend thickness = 1.8 iim (.07 in) 

X - Average Test data 
A - Full Hart-Smith moment equation 

2 




276 MPa (40.0 psi) 


B - Goland & Reissner moment equation 
_ 2 




328 MPa (47.6 psi) 


20 

LAP LENGTH 
ADHEREND THICKNESS 


(1/t) 


Figure 9-49: A4EA PEEL STRENGTH PREDICTIONS - SINGLE LAP JOINTS 


Obs/ln) 


B 


Temperature * 561 K (550°F) 

Adherend thickness = 1.8 mm (.07 in) 

X - Test data 

A - Full Hart-9n1th moment equation 

al 

- 0,276 HPa (40.0 psi) 


B - Goland & Relssner moment equation 
2 




389 MPa (56.4 psi) 


LAP LENGTH 
ADHEREND THICKNESS 


(1/t) 


Figure 9-50: A4EA PEEL STRENGTH PREDICTIONS - SINGLE LAP JOINTS 


Ul' 


113 N-m (1000 lb-in) 
56.5 N-m (500 lb-in) 
11.3 N-m (100 lb-in) 


NOTE: Full Hart-9nith moment equation used. 
2 

C"!52.'\= 0.278 HPa (40.0 psi) 


20 3 
— ‘-y lemgth 

ADHEREND THICKNESS ' 


Figure 9-51: EFFECT OF ADHEREND FLEXURAL STIFFNESS (D,,) ON PEEL STRENGTH OF SINGLE LAP JOINTS 



FAILURE LOAD 













9.2.2 Double Lap Joints. 


The A4EB double lap joint analysis program developed by L. J. Hart-Smith 
(Ref. 9) was not used to correlate the test data. This program assumes a 
shear failure in the adhesive and does not allow for peel failures in the 
adherends other than in the limiting sense. It defines the outer adherend 
thickness beyond which peel is critical. Also, there is no way to input the 
stacking sequence, of the composite adherends. 


An empirical method similar to the approach used for the single lap joints was 
investigated to predict the strength of double lap joints. The maximum 
principal stress was again used as the failure criteria. The stresses at the 
failure point, the point in the inner adherend directly below the end of the 
outer adherend, were given by: 

z 


EiP 

Ox = tit 

Oz = P/5t 
1^2 = 2.1P/L 



I— L~^ 



X 


These relations were determined from the finite element analyses of test set 
conf igurations 3D-2B, 4A & 5A (see Section 9.1.2). 


As for the single-lap case, the limiting maximum principal stress was deter- 
mined by using the actual failure load for one test set, in this case, test set 
3D-1A. This maximum principal stress was then used to predict the failure 
load for other test sets. 

Figures 9-55 to 9-57 show comparisons of the actual and predicted stengths for 
ten joint configurations at 116K (-250°F), 294K (70°F) and 561K (550°F). Also 
shown are standard deviations for the measured test results. 

Tsai-Hill and Tsai-Wu failure criteria were applied to the stress ratios found 
from finite element analyses (see Section 9.1.2). The finite element analyses 
used were the three joint configurations shown in Figure 9-33. The stress 
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ratios for Tv-r critical element as indicated by the analysis 

were inserted into the failure criteria and the predicted ultimate stress 
determined. The ply strengths used were obtained from the design allowables 
data (Ref. 4). Neither of the criteria gave reasonable correlations to the 
actual test data. Also, there was no way to extend this analysis to other 
specimen types as finite element analyses for those configurations were not 
available and are needed to define the stress state. 

The Design Handbook for Adhesive Bonding resulting from the Primary Adhe- 
sively Bonded Structure (PABST) program (Ref. 10) presents a simplified 
design method for double-lap joints. This method gives the optimum overlap 
length for the joint. Figure 9-58 shows the joint configuration and pertinent 
equations. Calculated optimum overlap lengths for the joint configurations 
tested are given in Table 9-5. Curves of joint strength versus lap length for 
double-lap joints (see Figures 7-28 and 7-29) are not sufficiently definitive 
to allow selection of an optimum lap length. In a qualitative sense, the 
curves for test sets 3D-1A, IB and 1C indicate an optimum length in the 
neighborhood of 25 mm to 38.8 mm (1.0 inch to 1.5 inch). For test sets 3D-2A, 
2B and 2C and optimum length of 33 mm to 46 rrm (1.3 inch to 1.8 inch) is 
indicated. These lengths are in the range of values predicted. The values 
used for Tp and G are those for the high modulus, brittle adhesive HT424 
(Ref. 11) and not the values obtained by testing the A7F adhesive. It was 
indicated by the supplier of the A7F adhesive that the A7F was also a high 
modulus, brittle adhesive. If the test values for Tp and G are used, the 
optimum overlap lengths increase by a factor of about 2.5. 

The percent changes in joint strength predicted by L. J. Hart-Smith (Ref*. 9) 
for various joint parameter changes were compared to the actual percent 
changes resulting from the test program. Only the predictions for the 
strength reduction due to unbalanced adherends showed a correlation. Reasons 
for this limited success is due to the assumption of shear failures in the 
Hart-Smith analysis. The analysis also does not include the effect of the 
stacking sequence of the plies in the composite adherends. 
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The unbalanced adherend strength reduction figures from Hart-Smith are shown 
in Figure 9-59. Joints can be compared with either common inner adherends or 
common outer adherends. Figure 9-60 shows the predicted vs. actual strength 
reductions for both comparison types. In both cases the predictions are 
fairly good; however, this is probably more coincidental than factual since 
Hart-Smith equations are based on adhesive shear failures and not laminate 
peel failures as was actually experienced. 
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Figure 9-55: EMPIRICAL CORRELATION - DOUBLE LAP JOINTS - 116K (-250°F) 




(Ibs/in) 







OPTIMUM OVERLAP = Ip+lg 

Figure 9-58; CALCULATION OF OPTIMUM OVERLAP LENGTH 


) 


Table 9-5: OPTIMUM OVERLAP LENGTHS FOR VARIOUS JOINT CONFIGURATIONS 


TEST SETS 

t. 

1 

mm (in) 

t 

0 

mm (in) 

GPa (Msi) 

^0 ^Tu 

GPa (Msi) (MPa (ksi) 

OPTIMUM 
OVERLAP 
run (in) 

3D-1A, IB, 1C 

2.0 (.08) 

.10 (.04) 

53 (7.7) 

53 (7.7) 524 ( 76) 

30.7 (1.21) 

3D-2A, 2B, 2C, 
4A. 5A 

3.0 (.12) 

.15 (.06) 

53 (7.7) 

53 (7.7) 524 ( 76) 

43.4 (1.71) 

3D-3A 

3.0 (.12) 

.15 (.06) 

103 (15.0) 

103 (15.0) 972 (141) 

75.2 (2.96) 

30-6A 

2.0 (.08) 

.15 (.06) 

53 (7.7) 

53 (7.7) 524 ( 76) 

31,8 (1.25) 

3D-7A, 3F-1A 

.61 (.24) 

.30 (.12) 

53 (7.7) 

53 (7.7) 524 ( 76) 

80.0 (3.15) 

3E-1A, IB, 1C 

.15 (.06) 

.15 (.06)110 (16.0) 

53 ( 7.7 ) 924 (134) 

39.9 (1.57) 


Tp = 25.3 MPa (3670 psi) 

G = 2.07 GPa (300 ksi) HT424 Adhesive Properties 
ri = 0.203 nm (.008 in) 


.) 
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STIFFNESS RATIO 



Figure 9-59: STRENGTH REDUCTION FACTOR IN DOUBLE-LAP BONDED JOINTS. 

DUE TO ADHEREND STIFFNESS IMBALANCE (Ref. 9) 
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COff»N OUTER ADHERENDS (compare test set 3D-2B to 3D-6A) 

t, 


bh 


'1 


.091 

77 ^ 555 “ 


.67 


strength-unbalanced ^ cj 
strength-balanced 


TEMPERATURE 
K °F 

FAILURE LOAD 
kN/m (Ib/in) 

MEASURED 

REDUCTION 

RATIO 

3D-6A/3D-2B 

PREDICTED 

REDUCTION 

RATIO 

3D-6A/3D-2B 

3D-2B 

3D-6A 

116 

(-250) 

636 

(3629) 

377 (2153) 

.59 

.67 

294 

(70) 

586 

(3347) 

344 (1963) 

.59 

.67 

561 

(550) 

552 

(3150) 

387 (2208) 

.70 

.67 


COMMON INNER ADHERENDS (compare test set 3D-1B to 3D-6A) 

^^0^0 _ ^^0 . 2-.068 . 1 ,• 

■ t, ■ .091 

strength-unbalanced _ «« 

strength-balanced 


TEMPERATURE 
K °F 

FAILURE LOAD 
kN/m (Ib/tn) 

MEASURED 

REDUCTION 

RATIO 

3D-6A/3D-1B 

PREDICTED 

REDUCTION 

RADIO 

3D-6A/3D-1B 

3D-1B 

3D-6A 

116 (-250) 

413 (2356) 

377 (2153) 

.91 

.90 

294 (70 

389 (2219) 

344 (1963) 

.88 

.90 

561 (550) 

458 (2613) 

387 (2208) 

.84 

.90 


Ftgure 9-60: PREDICTED VS. ACTUAL STRENGTH REDUCTIONS FOR 

UNBALANCED DOUBLE LAP JOINTS 





9.2.3 Step-Lap Joints 


Joint strength predictions for the "3-step" s^ofnmetric step- lap joint were 
calculated using the computer program A4EGX developed by Hart-Smith (Ref. 

12). A failure prediction was obtained only for the '561K (550°F) case. 

Results were not obtained for the 116K (-250°F) and 294K (70°F) cases because 
code problems were encountered when a large temperature differential was 
input. The predicted failure load for the 561K (550®F) case was 898 kN/m 
(5126 Ib/in) compared to an average failure load of 901 kN/m (5147 Ib/in). 

The program however predicted an adhesive failure, whereas the actual joints 
appeared to have interlaminar composite failures. 

The actual joints were co-cured onto the titanium using only an adhesive 
primer. They were not precured laminates bonded on with a separate adhesive. 
The analysis code requires adhesive thickness and properties as an input. The 
co-cured joints were simulated for analysis purposes by inputting adhesive 
properties and a thickness of .005 in. The adhesive properties were those 
from the thick adherend tests conducted at the University of Delaware (see 
section 3.1.3) 

Predictions were also made using assumed adhesive properties of HT424 (Ref. 

11) since it was felt the adhesive was significantly more brittle than indi- 
cated by test. This also resulted in predicting an adhesive failure but at a 
significantly lower load. Predictions along with actual failure load are 
shown in Table 9-6 for the two sets of adhesive properties. 
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Table 9-6; "S-STEP” STEP LAP JOINT STRENGTH A4EGX CODE PREDITIONS (AT » (fi) 



PREDICTED STRENGTH 


ADHESIVE THICKNESS » 
.25 mm (.01 in) 

ADHESIVE Th 
.13 mu (. 

IICKNES5 = 
005 in) 

ANALYSIS 

TYPE 

HT424 
ADHESIVE 
kN/m (Ib/in; 

A7F 

ADHESIVE 
kN/m (Ib/in] 

HT424 
ADHESIVE 
kN/m (Ib/in) 

A7F 

ADHESIVE 
kN/m (Ib/inl 

ACTUAL 
STRENGTH 
kN/n (Ib/in! 

ELASTIC 

229 (1309) 

606 (3458) 

162 (926) 

468 (2674) 

901 (5147) 

ELASTIC 

PLASTIC 

767 (4379) 

1102 (6290) 

544 (3108) 

897 (5126) 

901 (5147) 


HT424 ADHESIVE 


T (shear strength) =25.3 MPa (3670 psi) 

G (shear modulus) = 2.07 GPa (3000(K) ps1) 
y (shear strain to failure » .075 


A7F ADHESIVE 


T = 16.1 MPa (2333 psi) 

6 = 80.0 MPa (11600 psi) 

Tp = -526 



10.0 C0NCLUSI0NS/REC0^^IENDATI0NS 

The following conclusions have resulted from this program: 

0 Bonded "Gr/PI-Gr/PI" and "Gr/PI-titanium" joints can be desigt.ed and 

fabricated to carry loads of the magnitude expected for advanced aerospace 
vehicles over the 116K (-250°F) to 561K (550®F) temperature range. 

0 Joint strength for these material combinations increases with; 

- increased lap length 

- increased temperature 

- increased adherend stiffness 

- increased adherend thickness 

- adherend tapering 

- +45° plies at the joint surface 

0 Hybrid systems {fabric interfaces) provide a simple and effective way 
to increase joint strength. 

0 Preformed adherends significantly increase single-lap joint strength. 

Large deflections under load cause joints-.with preformed adherends to . 
act as scarf joints. 

0 A7F has a shear strength greater than 8.3 MPa (1200 .psi) in the 116K (-250°F) 
to 589K (550°F) temperature range. ■ • 

0 Finite element analyses of composite bonded joints can successfully 
predict joint performance trends. 

0 Composite bonded joint strength prediction techniques are at this time 
limited to simple joint configurations and result in "rough" predictions 
only. 
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Based on the results and conclusions derived from this program, the following 
areas for further work on bonded composite joints are recommended: 

0 The combined effect of the following joint parameters and configurations 
investigated in this program should be explored in order to further 
increase joint strengths: 

- hybrid systems (fabric interfaces) 

- adherend tapering 

- increased stiffness 

- +45° plies at joint interfaces 

0 Hybrid systems for double lap joints should be investigated. 

0 Further work in predicting bonded joint strengths needs to be undertaken 
in order to improve confidence in using bonded composite joints for 
designs. The complex failure modes of composite adherends are not well 
understood. Since the interlamina strengths of composite laminates 
are low, composite bonded joints are susceptible to peel and/or interlamina 
shear failures, as opposed to an adhesive failure. 

0 Preformed joints should be considered for use in two areas: 1) an 

internal structural attachment or in external joints which can be covered 
by fairings and 2) as a possible replacement for the ASTM D-1002 lap 
shear specimens so that the results approach the true adhesive shear 
strength (because of the reduced peel stresses). 
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APPENDIX A 


ADHESIVE TEST RESULTS TABLES 



Table A-1: MATRIX 2 TEST 3 THIN ADHEREND SINGLE LAP SHEAR TESTS OF A7F ADHESIVE 


CONDITION 

CODE 

SPECIMEN 

NUMBER 

TEMPERATURE 
K (OF) 

LAP 

mm 

LENGTH 

(in) 

WIDTH 
mm (in) 

ULTIMATE 

FAILURE 

NOTES 

LOAD 
N (lbs) 

SHEAR STRESS 
MPa ksi 

1 

3-2-1 

116 

C-250) 

13 

(.501 

25 

(i.oo; 


7224 

(1624) 

22.4 ( 

3.25 

1 

1 

3-2-2 

116 

(-250) 

13 

(.51) 

25 

(i.oo! 


7082 

(1592) 

21.5 ( 

3.12) 


1 

3-2-3 

116 

(-250) 

13 

(.50) 

25 

(i.oo; 


5894 

(1325) 

18.3 ( 

2.65) 


1 

3-2-4 

294 

(70) 

12 

(.49) 

26 

(l.oil 


6539 

(1470) 

20.5 ( 

2.97) 


1 

3-2-5 

294 

(70) 

13 

(.50) 

25 

(1.00] 


6183 

(1390) 

19.2 (2.78) 


1 

3-2-6 

294 

(70) 

13 

(.50) 

25 

(1.00) 


6183 

(1390) 

19.2 ( 

2.78) 


1 

3-2-7 

561 

(550) 

13 

.50 

25 

1.00] 


4582 

(1030) 

14.2 ( 

2.06) 


1 

3-2-8 

561 

(550) 

12 

(.49) 

25 

(1 .00] 


3781 

(850) 

12.0 (1.73) 


1 

3-2-9 

561 

(550) 

12 

(.49) 

25 

(.99) 


4493 

(1010) 

14.4 (2.08) 


2 

3-2-11 

116 

(-250) 

13 

(.50) 

25 

(1.00) 

5614 

(1262) 

17.4 (2.52) 


2 

3-2-12 

116 

(-250) 

13 

.50) 

26 

(1.01) 

4404 

(990) 

13.5 (1.96) 


2 

3-2-13 

116 

(-250) 

13 

(.51) 

25 

(1.00) 

4582 

(1030) 

13.9 (2.02) 


2 

3-2-14 

294 

(70 

13 

.50 

25 

(I.oo; 


4270 

(960) 

13.2 1 

;i.92) 


2 

3-2-15 

294 

(70) 

13 

(.51) 

25 

1.00 


4448 

(1000) 

13.5 

il.96) 


2 

3-2-16 

294 

(70) 

13 

(.50) 

25 

(1 .00) 

5026 

(1130) 

15.6 

[2.26) 


2 

3-2-17 

561 

(550) 

13 

(.50) 

25 

(1.00) 

5026 

(1130) 

15.6 (2.26) 


2 

3-2-18 

561 

(550) 

13 

(.50) 

25 

(1.00) 

4804 

(1080) 

14.9 (2.16) 


2 

3-2-19 

561 

(550) 

13 

(.50) 

25 

(1.00) 

4048 

(910) 

12.5 (1.82) 


3 

2-3-21 

116 

(-250) 

13 

(.50) 

25 

(1.00) 

3870 

(870) 

12.0 

[T74)1 


3 

2-3-22 

116 

(-250) 

13 

(.50) 

26 

(1.01) 

3559 

(800) 

10.9 

(1.58) 


3 

2-3-23 

116 

(-250) 

13 

(.50) 

26 

(1.01) 

3763 

(846) 

11.6 

(1.68) 


3 

2-3-24 

294 

(70) 

13 

(.50) 

26 

(1.01) 

3443 

(774) 

10.6 

(1.53) 


3 

2-3-25 

294 

(70) 

13 

(.50) 

25 

(1.00) 

3772 

(848) 

11.7 

(1.70) 


3 

2-3-26 

294 

(70) 

13 

(.50) 

25 

(1.00) 

4617 

(1038) 

14.3 

[2.08 


3 

2-3-27 

561 

(550) 

13 

(.50) 

26 

(1.01) 

4991 

(1122) 

15.3 

(2.22) 


3 

2-3-28 

561 

C550) 

13 

(.50) 

25 

1.00) 

4813 

(1082) 

14.9 

(2.16) 


3 

2-3-29 

561 

(550) 

13 

(.50) 

26 

a. 01 ) 

4760 

(1070) 

14.6 

(2.12) 





Table A-2: MATRIX 2 TEST 4 THICK ADHEREND SHEAR TESTS OF A7F ADHESIVE 


a) SI Units 


CONDITION 

CODE 

SPECIMEN 

NUMBER 

TEMPERATURE 

K 

ADHESIVE 
THICKNESS 
mm [l> 

WIDTH 

mm 

LAP 

LENGTH 

m 

ULTIMATE FAILURE 

SHEAR MODULUS 

SHEAR 

PROPORTIONAl 

LIMIT 

MPa 

LOAD 

kN 

SHEAR 

STRESS 

MPa 

SHEAR 

STRAIN 

INITIAL 

MPa 

SECONDARY 

MPa 

1 

20 

116 

.328 

23.95 

25.53 



-- 


61.83 

-r 


1 

23 

116 

.345 

24,32 

25.42 



— 

— 




1 

24 

. 116 

.279 

24.79 

25.36 

15.79 

25.11 

.7085 




1 

21 

116 

.333 

24.89 

25.59 

12.75 

20.02. 

— 

— 

— 

— 

1 

13 

294 

.340 

24.85 

25.45 

10.59 

16.75 

.3904 

71.51 

w — 

10.64 

1 

14 

294 

.376 

24.43 

25.43 

10.24 

16.48 

.3758 

69.13 


8.52 

1 

15 

294 

.366 

23.79 

25.57 

10.40 

17.09 

.4337 

70.47 

— 

6.21 

1 

17 

561 

.269 

24.37 

25.39 

6.846 

11.07 

.4375 

45.48 


3.88 

1 - 

18 

561 

.348 

25.00 

25.42 

5.293 

8.33 

.4311 



— 

1 

19 

561 

.391 

24.75 

25.54 


k413 

6.98 

.4144 

46.15 

— 

2.25 

2 

2-20 

116 

.318 

24.44 

25.50 

13.43 

21.55 

,6645 

45.08 


mm 

2 

2-23 

116 

.272 

24.47 

24.76 

13.16 

21.73 

.6429 

35.31 

mm 

' 

2 

2-24 

116 

.351 

24.42 

25.59 

12.61 

20.18 

,5842 

41.78 

mm 

• . 

2 

2-13 

294 

.353 

24.19 

25.45 

11.47 

18.63 

,5320 

137.5 

70,02 

3.58 

2 

2-14 

294 

.262 

24.01 

25.36 

7 

'.993 

13.13 

.4975 

49.21 

46.11 

4.03 

2 

2-15 

294 

.282 

24,43 

24.27 

9.808 

16.54 

.5495 

53.10 

44.46 

5.71 

2 

2-16 

561 

.279 

24.12 

25.54 

7.896 

12.82 

.4377 

42.54 

_ _ 

4.30 

2 

2-17 

561 

.381 

24.44 

25.51 

8.140 

13.05 

.3729 

67.62 


3.30 

2 

2-18 

561 

.300 

24.94 

25.45 

8.963 

14.12 

.5271 

47.93 


4.94 


\p> Average of eight measurements 
B> Average of two measurements 


B> Grip slipped 




Table A-2; CONCLUDED 


b) U.S. Customary Units 


CONDITION 

CODE 

— 

SPECIMEN 

NUMBER 

TEMPERATURE 

OF 


ItliS 

LAP 

LENGTH 

In. 

ULTIMATE FAILURE 

SHEAR MODULUS 

SHEAR 

PROPORTIONAL 

LIMIT 

psi 

LOAD 

lbs 

SHEAR 

STRESS 

psi 

■ 

INITIAL 

psi 

■ 

1 


-250 

.0129 

.9429 

1.0051 

■SS|| 

— 


8968 


* 

1 


-250 

.0136 

.9574 

1.0009 


-- 





1 


-250 


.9760 

.9983 

3549 

3642 

.7085 




1 

21 

-250 

.0131 

.9798 

1.0073 

2866 

2904 


-- 

— 

— 

1 

13 

70 

.0134 

,9782 

1.0020 

2381 

2429 


10371 


1543 

1 

14 

70 

.0148 

.9619 

1.0013 

2302 

2390 

.3758 

10027 


1236 

1 

15 

70 

.0144 

.9368 


2337 

2479 

.4337 

10221 


900 

1 

17 


■EB 

.9593 

.9995 

1539 


.4375 

6597 


563 

1 

18 



.9841 


1190 

1208 

.4311 




1 

19 

550 

.0154 

.9744 

1 .0057 

992 

1012 

.4144 

6693 


326 

2 

2-20 


.0125 

.9623 

1.0039 

3020 

3126 

.6645 

6539 



2 

2-23 


.0107 

.9632 

.9749 

2959 

3151 

.6429 

5121 



2 

2-24 

-250 

.0138 

.9616 

1.0073 

2835 

2927 

.5842 

6059 

.... 


2 

2-13 


.0139 

.9525 

1 .0018 

2579 

2703 


19938 

10156 

518.7 

2 

2-14 


.0103 

.9453 

.9986 

1797 

1904 

.4975 

7138 

6688 

583.9 

2 

2-15 

■be 

.0111 

.9618 

.9555 


2399 

.5495 

7701 

6448 

827.6 

2 

2-16 

550 

mJM 

.9495 

1.0056 

1775 

1859 

.4377 

6170 


623 

2 

2-17 

550 


.9622 

1.0045 

1830 

1893 

.3729 

9808 


479 

2 

2-18 

550 


.9819 

1.0021 

2015 

2048 

.5271 

6951 

— 

717 


Average of eight measurements 


Average of tw measurements 
Grip slipped 





































































Table A-3: MATRIX 2 TEST 5 FLATWISE TENSION TESTS OF A7F ADHESIVE 



[£> Cohesive failure 

1/2 outer edge had adhesive fatlure, remainder cohesive failure 
^>•40% adhesive failure, 60% cohesive failure 
Bolt sheared simultaneously at failure 


(jO 

o 




APPENDIX B 


STANDARD BONDED JOINT 


TEST RESULT TABLES 





Figure B-1 : STANDARD JOINT NOMENCLATURE 









Table b-i single lap joint test results 

(A) SI UNITS 


SPECIMEN TEMPERATURE 

LAP 

LENGTH 

LAP 

WIDTH 

CONFIG 

COOEN 

LAYUP 
CODE + 

ADHEREND 

THICKNESSES 

(hK4) 

FAILURE 

LOAD 

AVERAGE 

JOINT 

STRESS 

FTU 

JOINT 

EFFICIENCY 

NUMBER 

(K) 

(MTA) 

(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 

3A-7A-2-1C 

116. 

13.46 

25.74 

S 

A 

A 

1 .702 

1 .702 

3.003 

8.665 

524. 

0.131 

SA-TA-a-aC 

116. 

13.72 

25.29 

S 

A 

A 

1.702 

1 .702 

2.233 

6.439 

524. 

0.099 

3A-7A’2-3C 

116. . 

13.46 

25.40 

S 

A 

A 

1 .702 

1 .702 

3.559 

10.408 

524. 

0.157 

3A-7A-a-4C 

116. 

13.21 

25.38 

S 

A 

A 

1 .702 

1.702 

2.753 

8.212 

524. 

0.122 

3A-7A-2-5C 

116. 

13.46 

25.34 

S 

A 

A 

1.702 

1 .702 

3.109 

9.113 

524. 

0.138 

3A-7A-2-6C 

116. 

13.21 

25.45 

S 

A 

A 

1 .702 

1.702 

2.980 

8.866 

524. 

0.131 

3A-7A-2-7A 

294. 

13.46 

25.28 

S 

A 

A 

1 .702 

1.702 

2.571 

7.555 

524. 

0.114 

3A-7A-2-8A 

294. 

13.21 

25.31 

S 

A 

A 

1 .702 

1 .702 

2.558 

7.650 

524. 

0.113 

3A-7A-a-10A 

294 . 

13.21 

25.24 

S 

A 

A 

1.702 

1.702 

2.451 

7.351 

524. 

0.109 

3A-7A-2->1 1A 

294. 

13.21 

25.38 

S 

A 

A 

1 .702 

1 .702 

2.905 

8.665 

524. 

0.128 

3A-7A-2-iaA 

294. 

13.72 

25.37 

S 

A 

A 

1 .702 

1 .702 

2.420 

6.955 

524. 

0.107 

3A“7A~a"1 3A 

294. 

13.46 

25.39 

S 

A 

A 

1 .702 

1.702 

3.092 

9.046 

524. 

0.137 

3A-7A-2-14H 

MA tVA A 

! 561. 

13.46 

25.38 

S 

A 

A 

1.702 

1.702 

2.673 

7.823 

524. 

0.118 

3A»7A~a"1 5H 

561 . 

13.21 

25.40 

S 

A 

A 

1 .702 

1 .702 

3.123 

9.307 

524. 

0.138 

3A“7A”a~1 6H 

561 . 

13.46 

25.35 

S 

A 

A 

1.702 

1 .702 

2.544 

7.455 

524. 

o.m 

3A-7A-a-17H 

561 . 

13.21 

25.35 

s 

A 

A 

1 .702 

1.702 

3.501 

10.454 

524. 

0.155 

3A-7A-a-18H 

561 . 

13.21 

25.41 

s 

A 

A 

1.702 

1 .702 

3.630 

10.814 

524. 

0.160 

3A-7A-a-19H 

561 . 

13.21 

25.42 

s 

A 

A 

1 .702 

1 .702 

3.848 

11.459 

524. 

0.170 

3A-lA-a-1C 

116. 

25.65 

25.45 

s 

A 

A 

1 .753 

1 .753 

3.114 

4.709 

524. 

0.133 

3A“1A-a-2C 

116. 

25.65 

25.48 

s 

A , 

A 

1.753 

1 .753 

2.171 

3.321 

524. 

0.093 

3A-1A-2-3C 

116. 

25.65 

25.43 

s 

A 

A 

1 .753 

1 .753 

2.064 

3.164 

524. 

0.088 

3A-lA-a-4C 

116. 

25.91 

25.43 

s 

A 

A 

1 .753 

1 .753 

2.295 

3.484 

524. 

0.098 

3A-1A-a-SC 

116. 

25.65 

25.48 

s 

A 

A 

1 .753 

1 .753 

2.331 

3.566 

524. 

0.100 

3A-1A-a-6C 

116. 

25.65 

25.37 

s 

A 

A 

1.753 

1.753 

2.00C 

3.082 

524. 

0.066 

3A-1A-2-7A 

294. 

26.16 

25.43 

s 

A 

A 

1.753 

1 .753 

3.870 

5.818 

524. 

0.166 

3A-1 A-2-8A 

294. 

26.16 

25.45 

s 

A 

A 

1 .753 

1 .753 

3.158 

4.743 

524. 

0.135 

3A-1A-a-9A 

294. 

25.65 

25.45 

s 

A 

A 

1 .753 

1 .753 

3.541 

5.423 

524. 

0.151 

3A-lA-a-10A 

294. 

26.16 

25.46 

s 

A 

A 

1.753 

1.753 

4.804 

7.203 

524. 

0 . 205 

3 A~1 A~a “ 1 1 A 

294. 

25.91 

25.37 

5 

A 

A 

1 .753 

1 .753 

2.847 

4.330 

524. 

0.122 

3A-lA-a-12A 

294. 

25.65 

25.43 

$ 

A 

A 

1.753 

1 .753 

3.688 

5.654 

524 . 

0.158 

3A-1A-2-I4H 

561. 

20.65 

25.45 

s 

A 

A 

1 .753 

1 .753 

4.608 

7.058 

524. 

0.197 

3A-1A-2-15H 

561 . 

25.91 

25.45 

s 

A 

A 

1 .753 

1.753 

5.089 

7. 718 

524. 

0.2IC 

3A“1A«2""1GH 

561 . 

25.91 

25.43 

s 

A 

A 

1 .753 

1 .753 

5.093 

7.732 

524. 

0.218 

3A-1A-2-1 7H 

561 . 

26.16 

25.48 

s 

A 

A 

1.753 

1 .753 

5.765 

8.649 

524. 

0.240 

3A-1A-2-18H 

561 . 

25.65 

25.40 

s 

A 

A 

1.753 

1 .753 

3.745 

5.743 

524. 

0.101 

3A-1A-2-19H 

561 . 

25.91 

25.48 

s 

A 

A 

1.753 

1 .753 

5.133 

7.777 

524. 

0.219 


Oi 


a 



TABLE B-1 CONTIKUED 
(A) SI UNITS 

ADHEREND AVEIIAUE 




LAP 

LAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE 

LENGTH 

WIDTH 

CODEk 

CODE* 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(K) 


(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


3A-1B-2-1C 

116. 

51.82 

25.83 

S 

A 

A 

1 .930 

1.930 

3.603 

2.692 

624. 

0.138 

BA-1B-2'2C 

116. 

52.07 

25.83 

s 

A 

A 

1 .930 

1 .930 

3.185 

2.368 

524. 

0.122 

BA-1B-2-3C 

116. 

52.32 

25.81 

S 

A 

A 

1 .930 

1 .930 

3.541 

2.622 

521. 

0.136 

3A-1B>2>4C 

116. 

52.32 

25.07 

s 

A 

A 

1.930 

1 .930 

3.692 

2.814 

524. 

0.146 

3A-1B-2-5C 

116. 

52.07 

25.86 

s 

A 

A 

1 .930 

1.930 

3.434 

2.551 

524. 

0.131 

3A>1B-2 CC 

116. 

52.32 

25.81 

s 

A 

A 

1 .930 

1.930 

3.372 

2.497 

524. 

0.129 

3A-1B-2-7A 

294. 

52.32 

25.86 

s 

A 

A 

1 .930 

1.930 

3.470 

2.564 

524. 

0.133 

3A-1B-2-8A 

294. 

52.32 

25.01 

s 

A 

A 

1 .930 

1 .930 

3.327 

2.543 

524. 

0.132 

3A-1B-2-9A 

294. 

52.32 

25.81 

S 

A 

A 

1.930 

1.930 

3.959 

2.932 

524. 

0.152 

3A-1B>2<10A 

294. 

52.32 

25.86 

s 

A 

A 

1.930 

1.930 

3.532 

2.61 1 

524. 

0.135 

3A-1B>2>11A 

294. 

52.07 

25.83 

S 

A 

A 

1 .930 

1 .930 

3.407 

2.533 

524. 

0.130 

3A-1B-2-12A 

. 294. 

52.07 

25.83 

s 

A 

A 

1.930 

1.930 

3,781 

2.811 

524. 

0.14S 

3A-1B-2-13H 

561 . 

52.32 

25.15 

s 

A 

A 

1 .930 

1 .930 

3.923 

2.982 

524. 

0.154 

3A-1B-2-14H 

561 . 

52.32 

25.81 

s 

A 

A 

1 .930 

1 .930 

3.292 

2.438 

524. 

0.126 

3A-1B-2-15H 

561 . 

52.32 

25.78 

S 

A 

A 

1 .930 

1.930 

4.644 

3.443 

524. 

0.178 

3A-1B-2-1BH 

561 . 

52.32 

25.01 

5 

A 

A 

1 .930 

1.930 

3.986 

2.952 

524. 

0.153 

3A-1B-2-17H 

561. 

52.32 

25.81 

s 

A 

A 

1 .930 

1.930 

3.923 

2.906 

524. 

0.150 

3A-1B-2-13H 

561 . 

52.32 

25.83 

s 

A 

A 

1 .930 

1 .930 

3. 559 

2.633 

524. 

0.136 

3A-1C-2-1C 

116. 

77.47 

25.91 

S 

A 

A 

1 .880 

1 .880 

4.955 

2.469 

524. 

0.194 

3A-1C-2-2C 

116. 

77.72 

25.91 

s 

A 

A 

1 .880 

1.880 

4.724 

2.346 

524. 

0.185 

3A-1C-2-3C 

116. 

77.47 

25.91 

s 

A 

A 

1.880 

1.880 

5.240 

2.611 

524. 

0.205 

3A-1C>2-4C 

116. 

77.47 

25.91 

s 

A 

A 

1.880 

1.880 

5.316 

2.648 

524. 

0.208 

3A-1C-2-SC 

116. 

77.22 

25.91 

$ 

A 

A 

1.880 

1.880 

6.299 

3.149 

524. 

0.247 

3A-1C-2-6C 

116. 

77.98 

25.91 

S 

A 

A 

1 .880 

1.880 

5.276 

2.611 

524. 

0.207 

3A-1C-2-7A 

294. 

77.47 

25.91 

s 

A 

A 

1.880 

1 .880 

5.987 

2.983 

524. 

0.235 

3A-1C-2-8A 

294. 

77.47 

25.91 

s 

A 

A 

1 .880 

1.880 

5'. 729 

2.855 

524. 

0.225 

3A-1C-2-9A 

294. 

77.72 

25.91 

s 

A 

A 

1 .880 

1.880 

3.550 

1 .763 

524. 

0.139 

3A-1C-2-10A 

294. 

77.22 

25.91 

s 

A 

A 

1.880 

1.880 

5.987 

2.993 

524. 

0.235 

3A-1C-2-11A 

294. 

77.72 

25.91 

s 

A 

A 

1 .830 

1.880 

5.596 

2.779 

524. 

0.219 

3A-1C-2-12A 

294. 

77.22 

25.91 

s 

A 

A 

1 .880 

1 .880 

5.151 

2.575 

524. 

0 202 

3A-1C-2-13H 

561 . 

77.22 

25.91 

s 

A 

A 

1 .830 

1 .880 

7.891 

3.945 

524. 

0.309 

3A-tC-2-14H 

561 . 

77.72 

25.91 

s 

A 

A 

1.880 

1.880 

6.699 

3.327 

024. 

0.203 

3A-1C-2-15H 

561 . 

76.96 

25.91 

s 

A 

A 

1 .880 

1 .880 

4.181 

2.097 

524. 

0.164 

3A-1C-2-16H 

561 . 

77.47 

25.15 

s 

A 

A 

1.880 

1.080 

6.850 

3.516 

524. 

0.277 

3A-1C-2-17H 

561 . 

77.22 

25.91 

s 

A 

A 

1 .880 

1.880 

5,436 

2.717 

524. 

0.213 

3A-1C-2-18H 

561 . 

77.22 

25.15 

s 

A 

A 

1.880 

1 .880 

7.420 

3.821 

524. 

0.300 









SPECIMEN TEMPERATURE 

LAP 

LENGTH 

NUMBER 

(K) 

(^V;l) 

3A-2A-2-1C 

116. 

51 .31 

3A-2A-2-2C 

116. 

51.18 

3A-2A-2-3C 

116. 

50.80 

3A-2A-2-4C 

116. 

51 .31 

3A-2A-2-5C 

116. 

51.44 

3A-2A-2-6C 

116. 

50.93 

3A-2A-2-7A 

294. 

50.93 

3A-2A-2-8A 

294. 

51.44 

3A-2A-2-9A 

294. 

50.80 

3A-2A-2-10A 

294. 

50.80 

3A-2A-2-11A 

294. 

51 .05 

3A-2A-2-12A 

294. 

51 .31 

3A-2A-2-13H 

561 . 

51 .05 

3A-2A-2-t4H 

561 . 

51.18 

3A-2A-2-15H 

561 . 

51.31 

3A-2A-2-16H 

561 . 

51.18 

3A-2A-2-17H 

561 . 

51 .56 

3A-2A-2-18H 

561 . 

51.18 

3A-2A-2-19H 

561 . 

51.56 

3A-3A-2-1A 

294. 

51.31 

3A-3A-2-2A 

294. 

50.80 

3A-3A-2-3A 

294. 

51.05 

3A-3A-2-4A 

294. 

51.31 

3A-3A-2-5A 

294. 

50.80 

3A-3A-2-6A 

294. 

51 .05 

3A-3A-2-7A 

294. 

51 .05 

3A-3A-2-8A 

294. 

50.80 

3A-4A-2-1A 

294. 

51 .05 

3A-4A-2-2A 

294. 

51 .05 

3A-4A-2-3A 

294. 

52.07 

3A-4A-2-4A 

294. 

51 .56 

3A-4A-2-5A 

294. 

51 .82 

3A-4A-2-6A 

294. 

51 .82 

3A-5A-2-1C 

116. 

51 .56 

3A-5A-2-2C 

1 16. 

51 .56 

3A-5A-2-3C 

116. 

51 .56 

3A-5A-2-4C 

116. 

51 .82 

3A-5A-2-5C 

116. 

01 .31 


TABLE B-1 CONTIHUED 
(A) SI UMITS 


LAP 

CONFIG 

LAYUP 

ADHEREND 

THICKNESSES 

WIDTH 

COOEM 

COOE + 

(MM) 

(MM) 


1 

2 

1 

2 

25.48 

S 

8 

0 

1.753 

1 .753 

25.36 

S 

D 

B 

1.753 

1 .753 

25.44 

S 

B 

B 

1.753 

1 .753 

25.44 

S 

B 

B 

1 .753 

1 .753 

25.51 

S 

B 

B 

1.753 

1.753 

25.39 

S 

B 

B 

1.753 

1 .753 

25.37 

S 

B 

B 

1 .753 

1 .753 

25.40 

S 

B 

B 

1 .753 

1 .753 

25.27 

S 

B 

B 

1 .753 

1 .753 

25.38 

S 

B 

B 

1 .753 

1 .753 

25.41 

S 

B 

B 

1.753 

1 .753 

25.48 

S 

B 

B 

1.753 

1 .753 

25.47 

S 

B 

B 

1 .753 

1 .753 

25.45 

S 

B 

B 

1 .753 

1 .753 

25.51 

S 

B 

B 

1 .753 

1 .753 

25.59 

S 

B 

B 

1.753 

1 .753 

25.46 

S 

B 

B 

1 .753 

1 .753 

25.48 

S 

B 

B 

1.753 

1 .753 

25.58 

S 

B 

B 

1.753 

1 .753 

25.50 

S 

C 

C 

1 .600 

1 .600 

25.52 

s 

C 

C 

1.600 

1 .600 

25.53 

s 

C 

c 

1.600 

1 .600 

25.48 

s 

C 

c 

1 .600 

1 .600 

25.55 

s 

C 

c 

1.600 

1 .600 

25.48 

s 

C 

c 

1 .600 

1 .600 

25.45 

s 

C 

c 

1.600 

1 .600 

25.53 

s 

C 

c 

1.600 

1 .600 

25.76 

s 

D 

D 

1 .499 

1 .499 

25.83 

s 

D 

D 

1 .499 

1 .499 

25.93 

s 

D 

D 

1 .499 

1 .499 

25.77 

s 

0 

0 

1 .499 

1 .499 

25.83 

s 

D 

0 

1 .499 

1 .489 

25.89 

s 

D 

D 

1 .499 

1 .499 

20.65 

s 

E 

Q 

1.143 

2.311 

25.65 

s 

E 

0 

1.143 

2.311 

25.40 

s 

E 

G 

1.143 

2.311 

25.65 

s 

E 

G 

1.143 

2.311 

25.65 

s 

E 

0 

1.143 

2.311 


AVEBAOE 


FAILURE 

JOINT 


JOINT 

LOAD 

STRESS 

FTU 

EFFICIENCY 

(KN) 

(MPA) 

IMP A) 


6.094 

4.662 

972. 

0.140 

6.272 

4.832 

972. 

0.145 

5.249 

4.062 

972. 

0.121 

5.182 

3.970 

972. 

0.120 

6.650 

5.067 

972. 

0.153 

4.559 

3.526 

972. 

0.105 

5.316 

4.114 

972. 

0.123 

5.004 

3.830 

972. 

0.116 

4.760 

3.708 

972. 

0.111 

5.115 

3.968 

972. 

0.118 

4.582 

3.531 

972. 

0.106 

6.784 

5.189 

972. 

0.1S6 

7.771 

5.976 

972. 

0.179 

8.977 

6.891 

972. 

0.207 

9.844 

7.522 

972. 

0.227 

10.444 

7.974 

972. 

0.240 

9.942 

7.574 

972. 

0.229 

9.866 

7.565 

972. 

0.227 

11.156 

8.459 

972. 

0.256 

5.293 

4.046 

524. 

0.248 

5.685 

4.386 

524. 

0.266 

5.498 

4.219 

524. 

0.257 

5.436 

4.157 

524. 

0.254 

4.315 

3.324 

524. 

0.201 

5.529 

4.251 

524. 

0.259 

6.036 

4.646 

524. 

0.283 

4.582 

3.533 

524. 

0.214 

6.201 

4.715 

524. 

0.307 

5.889 

4.466 

524. 

0.290 

7.802 

5.778 

524. 

0.3Q3 

6.512 

4.901 

524. 

0.322 

1 .601 

1 .197 

524. 

0.079 

4.092 

3.051 

324. 

0.201 

2.660 

2.011 

524. 

0.173 

2.589 

1 .957 

524. 

0.166 

2.375 

1.814 

521. 

0.15G 

2.286 

1 .720 

524. 

0.149 

2.447 

1 .859 

524. 

0.159 


Lkl 

O 

a> 



TABLE B-1 CONTINUED 
(A) Si UNITS 

AOHEAEND AVERACIE 




LAP 

LAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE 

LENGTH 

WIDTH 

coder 

CODE* 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(KJ 

(MM) 

(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


3A-9A-2-6A 

294. 

51.56 

25.65 

S 

E 

G 

1.143 

2.311 

2.874 

2.172 

524. 

0.187 

3A-5A-2-TA 

294. 

51 .31 

25.65 

S 

E 

G 

1.143 

2.311 

2.295 

1 .744 

524. 

0.149 

3A-5A-2-8A 

294. 

51.56 

25.65 

S 

E 

6 

1.143 

2.311 

2.420 

1 .829 

524. 

0.157 

3A-5A>2-9A 

294. 

50.80 

25.91 

S 

E 

G 

1.143 

2.311 

3.892 

2.957 

524. 

0.251 

3A-5A-2-10A 

294. 

51.56 

25.65 

S 

E 

G 

1.143 

2.311 

2.180 

1 .648 

524. 

0.142 

3A-SA-2-11A 

294. 

51.56 

25.65 

S 

E 

G 

1.143 

2.311 

3.754 

2.838 

524. 

0.244 

3A-5A-2-12H 

561 . 

51 .31 

25.65 

S 

E 

G 

1.143 

2.311 

3.594 

2.731 

524. 

0.234 

3A-SA-2-13H 

561. 

51.56 

25.65 

S 

E 

G 

1.143 

2.311 

3.754 

2.838 

524. 

0.244 

3A-5A-2-14H 

561 . 

51.56 

25.40 

S 

E 

Q 

1.143 

2.311 

4.849 

3.702 

524. 

0.319 

3A-5A-2-15H 

561 . 

51.56 

25.65 

S 

E 

G 

1.143 

2.311 

6.156 

4.654 

524. 

0.401 

3A-SA>2-16H 

561 . 

51.56 

25.65 

S 

E 

Q 

1.143 

2.311 

2.340 

1 .769 

524. 

0.152 

3A-6A-2-1A 

294. 

51 .82 

25.91 

S 

H 

H 

2.946 

2.946 

4.688 

3.492 

524. 

0.117 

3A-6A-2-2A 

294. 

51.56 

25.91 

S 

H 

H 

2.946 

2.946 

5.391 

4.036 

524. 

0.135 

3A-6A-2-3A 

294. 

51.31 

25.91 

5 

H 

H 

2.946 

2.946 

4.422 

3.328 

524. 

0.111 

3A-6A-2-4A 

294. 

51 .05 

25.91 

S 

H 

H 

2.946 

2.946 

5.293 

4.002 

524. 

0.132 

3A-6A-2-5A 

294. 

51.56 

25.91 

S 

H 

H 

2.946 

2.946 

5.071 

3.796 

524. 

0.127 

3A-6A-2-6A 

294. 

51.56 

25.91 

S 

H 

H 

2.946 

2.946 

5.293 

3 .963 

524. 

0.132 

3B-1A-2-1C 

116. 

25.40 

25.15 

S 

A 

T 

1 .778 

0.787 

2.740 

4.290 

924. 

0.150 

3B>1A-2-2C 

116. 

25.40 

25.15 

S 

A 

T 

1.778 

0.787 

2.607 

4.081 

924. 

0.142 

3B-1A-2-3C 

116. 

25.65 

24.89 

S 

A 

T 

1 .778 

0.787 

2.847 

4.458 

924. 

0.157 

3B-1A-2-4C 

116. 

25.91 

25.15 

S 

A 

T 

1 .778 

0.787 

2.108 

3.236 

924. 

0.115 

3B-1A-2-SC 

116. 

25.40 

25.15 

5 

A 

T 

1 .778 

0.787 

2.464 

3.858 

924. 

0.135 

3B-1A>2-6C 

116. 

25.91 

25.15 

S 

A 

T 

1 .778 

0.787 

2.068 

3.175 

924. 

0.113 

3B-1A-2-7A 

294. 

25.40 

25.15 

S 

A 

T 

1 .778 

0.787 

3.327 

5.209 

924. 

0.182 

3B-1A-2>8A 

294. 

25.91 

25.15 

S 

A 

T 

1 .778 

0.787 

2.660 

4.083 

924. 

0.145 

3B-1A-2-9A 

294. 

26.16 

25.15 

S 

A 

T 

1 .778 

0.787 

3.363 

5.112 

924. 

0.184 

3B-1A-2-10A 

294. 

25.65 

24.89 

S 

A 

T 

1 .778 

0.787 

2.571 

4.026 

924. 

0.142 

3B-1A-2-11A 

294. 

25.65 

25.15 

S 

A 

T 

1 .778 

0.787 

3.087 

4.785 

924. 

0.169 

3B-1A-2-12A 

294. 

25.65 

25.15 

S 

A 

T 

1.778 

0.787 

2.375 

3.682 

924. 

0.130 

3B-1A-2-13H 

561 . 

25.40 

25.15 

s 

A 

T 

1 .778 

0.787 

6.112 

9.569 

924. 

0.334 

3B-1A-2>14H 

561 . 

25.65 

25.15 

S 

A 

T 

1 .778 

0.787 

2.518 

3.903 

924. 

0.138 

3B-1A-2-15H 

561 . 

25.65 

25.15 

S 

A 

T 

1 .778 

0.787 

5.160 

7.999 

924. 

0.282 

3B-1A-2-16H 

561 . 

25.91 

25.15 

S 

A 

T 

1.778 

0.787 

3.932 

6.036 

924. 

0.215 

3B-1A-2-17H 

561 . 

25.91 

25.15 

s 

A 

T 

1.778 

0.787 

5.872 

9.013 

024. 

0.321 

3B-1A-2~18H 

561 . 

25.91 

25.15 

s 

A 

T 

1 .778 

0.787 

6.156 

9.450 

024. 

0.337 



TABLE B-1 COMTINUED 
(A) SI UNITS 


SPECIMEN TEMPERATURE 

LAP 

LENGTH 

LAP 

WIDTH 

CONFIG 

CODEX 

LAYUP 
CODE + 

ADHEREND 

THICKNESSES 

(MM) 

FAILURE 

LOAD 

AVERAGE 

JOINT 

STRESS 

FTU 

JOINT 

EFFICIENCY 

NUMBER 

IK) 

(MM) 

(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 

3B-1B-2-1C 

116. 

51.56 

25.15 

S 

A 

T 

1 .778 

0.787 

2.945 

2.271 

924. 

0.161 

3B-1B-2>2C 

116. 

50.80 

25.15 

S 

A 

T 

1 .778 

0.787 

3.559 

2.786 

924. 

0.195 

3B-1B-2-3C 

116. 

51 .05 

25.15 

S 

A 

T 

1 .778 

0.787 

3.888 

3.028 

924. 

0.213 

3B-1B-2-4C 

116. 

50.80 

25.15 

S 

A 

T 

1 .778 

0.787 

3.737 

2.925 

924. 

0.204 

3B-1B-2-5C 

116. 

51.31 

25.15 

S 

A 

T 

1.778 

0.787 

2.687 

2.082 

924. 

0.147 

3B-1B-2-6C 

116. 

51 .05 

25.15 

S 

A 

T 

1 .778 

0.787 

3.621 

2.820 

924. 

0.198 

3B-1B-2-7A 

294. 

51 .05 

25.15 

S 

A 

T 

1 .778 

0.787 

5.694 

4.435 

924. 

0.311 

3B-1B-2-8A 

294. 

51 .05 

24.89 

S 

A 

T 

1 .778 

0,787 

4.982 

3.920 

924. 

0.275 

3B-1B-2-9A 

294. 

50.80 

24.89 

S 

A 

T 

1 .778 

0.787 

5.089 

4.024 

924. 

0.281 

3B-1B-2-10A 

294. 

51.56 

25.15 

S 

A 

T 

1 .778 

0.787 

4.075 

3.143 

924. 

0.223 

3B-1B-2-1 1A 

294. 

51.31 

24.89 

S 

A 

T 

1 .778 

0.787 

4.680 

3.664 

924. 

0.258 

3B-1B-2-12A 

294. 

51.05 

25.15 

S 

A 

T 

1.778 

0.787 

4.546 

3.541 

924. 

0.249 

3B-1B-2-13H 

561 . 

51.31 

25.15 

S 

A 

T 

1 .778 

0.787 

6.868 

5.323 

924 . 

0.375 

3B-1B-2>14H 

561 . 

51 .05 

25.15 

S 

A 

T 

1 .778 

0.787 

6.832 

5.322 

924. 

0.373 

3B-1B<2-15I1 

561 . 

51.05 

25.15 

S 

A 

T 

t .778 

0.787 

7.357 

5.731 

924. 

0.402 

3B-1B-2-16H 

561 . 

51.31 

25.15 

S 

A 

T 

1 .778 

0.787 

7.437 

5.765 

924. 

0.407 

3B-1B-2-1TH 

561 . 

51 .05 

25.15 

S 

A 

T 

1 .778 

0.787 

6.761 

5.267 

924. 

0.370 

3B-1B-2-18H 

561 . 

50.80 

25.15 

S 

A 

T 

1 .778 

0.787 

6.646 

5.202 

924. 

0.363 

3B-1C-2-1C 

116. 

77.22 

25.15 

S 

A 

T 

1 .778 

0.787 

2.669 

1,375 

924, 

0.140 

3S-1C-2-2C 

116. 

76.45 

25.15 

S 

A 

T 

1 .778 

0.787 

2.544 

1 .323 

924. 

0.139 

3B-1C-2-3C 

116. 

76.20 

25.15 

S 

A 

T 

t .778 

0.787 

3.105 

1 .620 

924. 

0.170 

3B-1C-2-4C 

116. 

77.22 

25.15 

s 

A 

T 

1.778 

0.787 

2.856 

1.471 

924. 

0.156 

3B“1C“2"’ SC 

116. 

76.96 

24.89 

s 

A 

T 

1 .778 

0.787 

2.802 

1 .463 

924. 

0.155 

3B-1C-2-6C 

116. 

77.22 

25.15 

s 

A 

T 

1 .778 

0.787 

2.509 

1 .292 

924. 

0.137 

3B-1C-2-7A 

294. 

76.45 

25.15 

s 

A 

T 

1 .778 

0.787 

2.713 

1 .411 

924. 

0.148 

3B-1C-2-8A 

294. 

76.71 

25.15 

s 

A 

T 

1 .778 

0.787 

3.941 

2.040 

924. 

0.215 

3B-1C-2-9A 

294. 

76.45 

25.15 

s 

A 

T 

1.778 

0.787 

4.181 

2.175 

924. 

0.229 

3B-1C-2-10A 

294. 

77.47 

25.15 

$ 

A 

T 

1 .778 

0.787 

4.066 

2.087 

924. 

0.222 

3B-IC-2-11A 

294. 

76.45 

25.15 

s 

A 

T 

1 .778 

0.787 

3.336 

1 .735 

924. 

0.182 

3B-1C-2-12A 

294. 

77.47 

25.15 

s 

A 

T 

1 .778 

0.787 

2.333 

1 .228 

924. 

0.131 

3B-1C-2-13H 

561 . 

76.45 

25.15 

s 

A 

T 

1 .778 

0.787 

6.228 

3.239 

924. 

0.340 

3B-1C-2'-14H 

561 . 

76.71 

24.64 

s 

A 

T 

1 .778 

0.787 

5.916 

3.130 

924. 

0.330 

3B-1C-2-15H 

561 . 

77.47 

25.15 

s 

A 

T 

1 .778 

0.787 

7.402 

3.800 

924. 

0.405 

3B-1C-2-tCU 

561 . 

77,47 

25.15 

s 

A 

T 

1 .778 

0.787 

6.779 

3.480 

024. 

0.371 

3B-1C-2-17H 

561 . 

76.20 

24.39 

s 

A 

T 

1 .778 

0.787 

5.605 

2.955 

924. 

0.310 

3B-1C-2-1 3H 

561 . 

76.45 

25.15 

s 

A 

T 

1 .778 

0.787 

7.909 

4.114 

924 . 

0.432 



TABLE B-1 CONTINUED 
(A) $1 UNITS 


LAP LAP CONFIG LAYUP 


SPECIMEN 

TEMPERATURE 

LENGTH 

WIDTH 

CODEN 

C0DE4 

NUMBER 

(K) 

(MM) 

(MM) 


1 

2 

3C-1A-2-1A 

294. 

51.31 

25.91 

T 

K 

H 

3C-1A-2-2A 

294. 

51 .31 

25.91 

T 

H 

H 

3C-1A-2-4A 

294. 

50.80 

25.91 

T 

H 

H 

3C-1A-2-5A 

294. 

51 .05 

25.91 

T 

H 

H 

3C-1A-2-GA 

294. 

51 .5G 

25.91 

T 

H 

H 

3C-1A-2-7A 

294. 

51.56 

25.65 

T 

H 

H 


ADHEREND 


AVERAGE 



THICKNESSES 

FAILURE 

JOINT 


JOINT 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

1 

2 

(KN) 

(MPA) 

(MPA) 


2.946 

2.948 

6.539 

4.919 

524. 

0.163 

2.946 

2.946 

5.276 

3.969 

524. 

0.132 

2.946 

2.946 

5.783 

4.394 

524. 

0.145 

2.946 

2.946 

7.660 

5.791 

524. 

0.191 

2.946 

2.946 

6.201 

4.642 

524. 

0.155 

2.946 

2.946 

5.854 

4.425 

524. 

0.148 


M CONFIGURATION CODE 

S s STANDARD 
T : TAPERED ADHEREND 

* LAYUP CODE 


A = I0.*/-45,9033S 
B s to. ♦/-45, 0(3)128 
C : [«/-4S,0,9013S 
D s tO(3) .♦/-45(3) .0(3)18 
E s [0.*/-45,«032S 


Q s t0.+/-45,9014S 
H 3 (0.«/-4S,9015$ 

J 3 C0,«/-45,9036S 
K 3 to. «45. 0(2) ,>45.012$ 
L 3 to, *45, 0(2) ,-45,014$ 


M 3 t0(3) ,t/>45(3) ,90(3) 12S 
N 3 [*/-45,0.9016S 
P 3 tO,*/-45,90112S 
T 3 titanium 



TABLE B-1 CONTINUED 
IBl US CUSTOMARY UNITS 


SPECIMEN TEMPERATURE 

LAP 

LENGTH 

LAP 

WIDTH 

CONFIG 

CODEH 

NUMBER 

(F) 

UN) 

UN) 

3A-7A-2-1C 

-250. 

0.530 

1 .013 

S 

3A-7A-2-2C 

-250. 

0.540 

0.996 

S 

3A-7A-2-3C 

-250. 

0.530 

1 .000 

S 

3A-7A-2-4C 

-250, 

0.520 

0.999 

S 

3A-7A-2-5C 

-250. 

0.530 

0.998 

s 

3A-7A-2-6C 

-250. 

0.520 

1 .002 

s 

3A-7A-2-7A 

70. 

0.530 

0.995 

s 

3A-7A-2-8A 

70. 

0.520 

0.997 

s 

3A-7A-2-10A 

70. 

0.520 

0.994 

s 

3A-7A-2-11A 

70. 

0.520 

0.999 

s 

3A-7A-2-12A 

70. 

0.540 

0.999 

s 

3A-7A-2-13A 

70. 

0.530 

0.999 

s 

3A-7A-2-14H 

550. 

0.530 

0.999 

s 

3A-7A-2-15H 

550. 

0.520 

1 .000 

s 

3A-7A-2-16H 

550. 

0.530 

0.998 

s 

3A-7A-2-17H 

550. 

0.520 

0.998 

s 

3A-7A-2-18H 

550. 

0.520 

1.000 

s 

3A-7A-2-19H 

550. 

0.520 

1 .001 

s 

3A-1A-2-1C 

-250. 

1 .010 

1 .002 

s 

3A-1A-2-2C 

-250. 

1 .010 

1 .003 

s 

3A-1A-2-3C 

-250. 

1 .010 

1 .001 

s 

3A-1A-2-4C 

-250. 

1 .020 

1 .001 

s 

3A-1A-2-5C 

-250. 

1 .010 

1 .003 

s 

3A-1A-2-6C 

-250. 

1 .010 

0.999 

s 

3A-1A-2-7A 

70. 

1 .030 

1 .001 

s 

3A-1A-2-8A 

70. 

1 .030 

1.002 

s 

3A-1A-2-9A 

70. 

1 .010 

1 .002 

s 

3A-1A-2-10A 

70. 

1 .030 

1 .003 

s 

3A-1A-2-11A 

70. 

1 .020 

0.999 

s 

3A-1A-2-12A 

70. 

1 .010 

1 .001 

s 

3A-1A-2-14H 

550. 

1 .010 

1 .002 

s 

3A-1A-2-15H 

550. 

1 .020 

1 .002 

$ 

3A-1A-2-16H 

550. 

1.020 

1 .001 

s 

3A-1A-2-17H 

550. 

1.030 

1.003 

s 

3A-1A-2-18H 

550. 

1 .010 

1 .000 

s 

3A-1A-2-19H 

550. 

1 .020 

1 .003 

s 


LAYUP 

ADHEREND 

THICKNESSES 

FAILURE 

AVERAGE 

JOINT 


COOEt 

UN) 

LOAD 

STRESS 

FTU 

1 

2 

1 

2 

(LBS) 

(PSD 

(KSI ) 

A 

A 

0.067 

0.067 

675. 

1257. 

76. 

A 

A 

0.067 

0.067 

502. 

934. 

76. 

A 

A 

0.067 

0.067 

800. 

1510. 

76. 

A 

A 

0.067 

0.067 

619. 

1191 . 

76. 

A 

A 

0.067 

0.067 

699. 

1322. 

76. 

A 

A 

0.067 

0.067 

670. 

1286. 

76. 

A 

A 

0.067 

0.067 

578. 

1096. 

76. 

A 

A 

0.067 

0.067 

575 . 

1110. 

70. 

A 

A 

0.067 

0.067 

551 . 

1066. 

76. 

A 

A 

0.067 

0.067 

653. 

1257. 

76. 

A 

A 

0.067 

0.067 

544. 

1009. 

76. 

A 

A 

0.067 

0.067 

695. 

1312. 

70. 

A 

A 

0.067 

0.067 

601 . 

1135. 

76. 

A 

A 

0.067 

0.067 

702. 

1350. 

76. 

A 

A 

0.067 

0.067 

572. 

1081 . 

76. 

A 

A 

0.007 

0.067 

787. 

1516. 

76. 

A 

A 

0.067 

0.067 

816. 

1568. 

76. 

A 

A 

0.067 

0.067 

865. 

1662. 

76. 

A 

A 

0.069 

0.069 

700. 

692. 

76. 

A 

A 

0.069 

0.069 

488. 

482. 

76. 

A 

A 

0.069 

0.069 

464. 

459. 

76. 

A 

A 

0.069 

0.069 

516. 

505. 

76. 

A 

A 

0.069 

0.069 

524. 

517. 

76. 

A 

A 

0.069 

0.069 

451 . 

447. 

76. 

A 

A 

0.069 

0.069 

870. 

844. 

76. 

A 

A 

0.069 

0.069 

710. 

688 . 

76. 

A 

A 

0.069 

0.069 

796. 

787 . 

76. 

A 

A 

0.069 

0.069 

1080. 

1045. 

76. 

A 

A 

0.069 

0.069 

640. 

628 . 

76. 

A 

A 

0.069 

0.069 

829. 

820. 

70. 

A 

A 

0.069 

0.069 

1036. 

1024. 

76. 

A 

A 

0.069 

0.069 

1144. 

1119. 

76. 

A 

A 

0.009 

0.069 

1145. 

1121 . 

76. 

A 

A 

0.009 

0.069 

1298. 

1254. 

76. 

A 

A 

0.069 

0.069 

842. 

834. 

76 . 

A 

A 

0.069 

0.069 

1154. 

1128. 

76. 


0 > 


JOINT 

EFFICIENCY 


0.131 

0.099 

0.157 

0.122 

0.138 

0,131 

0.114 

0.113 

0.109 

0.128 

0.107 

0.137 

0.118 

0.138 

0.113 

0.155 

0.160 

0.170 

0.133 

0.093 

0.088 

0.098 

0.100 

0.086 

0.166 

0.135 

0.151 

0.20S 

0.122 

0.158 

0.197 

0.218 

0.213 

0.246 

0.161 

0.219 



TABLE B-1 CONTINUED 
IB) US CUSTOMARY UNITS 

ADHEREND AVERAGE 




LAP 

LAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE 

LENGTH 

WIDTH 

COOEN 

CODE« 

(IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

IF) 

IlN) 

(INI 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSI) 


3A-1B>2-1C 

-250. 

2.040 

t .017 

S 

A 

A 

0.076 

0.078 

810. 

390. 

76. 

0.138 

3A-1B-2-2C 

-250. 

2.050 

1 .017 

S 

A 

A 

0.076 

0.078 

716. 

343. 

76. 

0.122 

3A-1B-2-3C 

-250. 

2.060 

1 .016 

S 

A 

A 

0.076 

0.076 

796. 

380. 

76. 

0.136 

3A-1B-2-4C 

-250. 

2.060 

0.987 

S 

A 

A 

0.076 

0.076 

830. 

408. 

76. 

0.146 

3A-1B-2-5C 

-250. 

2.050 

1 .018 

S 

A 

A 

0.076 

0.076 

772. 

370. 

76. 

0.131 

3A-1B-2-6C 

-250. 

2.060 . 

1 .016 

S 

A 

A 

0.076 

0.076 

758. 

362. 

76. 

0.129 

3A-U-2-7A 

70. 

2.060 

1 .018 

S 

A 

A 

0.076 

0.076 

780. 

372. 

76. 

0.133 

3A-1B-2-BA 

70. 

2.060 

0.984 

S 

A 

A 

0.076 

0.076 

748. 

369. 

76. 

0.132 

3A-1B-2-9A 

70. 

2.060 

1.016 

S 

A 

A 

0.076 

0.076 

890. 

425. 

76. 

0.152 

3A-1B-2-10A 

70. 

2.060 

1 .018 

S 

A 

A 

0.076 

0.076 

794. 

379. 

76. 

0.135 

3A-1B-2-11A 

70. 

2.050 

1 .017 

S 

A 

A 

0.076 

0.076 

766. 

367. 

78. 

0.130 

3A-1B-i2^12A 

70. 

2.050 

1 .017 

5 

A 

A 

0.076 

0.076 

850. 

408. 

76. 

0.145 

3A-1B-2-13H 

550. 

2.060 

0.990 

S 

A 

A 

0.076 

0.076 

882. 

432. 

76. 

0.154 

3A-1B-2-14H 

550. 

2.060 

1 .016 

S 

A 

A 

0.076 

0.076 

740. 

354. 

76. 

0.126 

3A-1B-2-15H 

550. 

2.060 

1 .015 

S 

A 

A 

0.076 

0.076 

1044. 

499. 

76. 

0.178 

3A-16-2-16H 

550. 

2.060 

1 .016 

S 

A 

A 

0.076 . 

0.076 

896. 

428. 

76. 

0.153 

3A-1B-2-17H 

550. 

2.060 

1 .016 

S 

A 

A 

0.076 

0.076 

882. 

421 . 

76. 

0.150 

3A-1B-2-18H 

550. 

2.060 

1 .017 

S 

A 

A 

0.076 

0.076 

800. 

382. 

76. 

0.136 

3A-1C-2-1C 

-250. 

3.050 

1 .020 

S 

A 

A 

0.074 

0.074 

1114. 

358. 

76. 

0.194 

3A-1C-2-2C 

-250. 

3.060 

1.020 

S 

A 

A 

0.074 

0.074 

1062. 

340. 

76. 

0.185 

3A>1C-2-3C 

-250. 

3.050 

1 .020 

s 

A 

A 

0.074 

0.074 

1178. 

379. 

76. 

0:205 

3A-1C-2-4C 

-250. 

3.050 

1 .020 

S 

A 

A 

0.074 

0.074 

1195. 

384. 

76. 

0.208 

3A-1C-2-5C 

-250. 

3.040 

1 .020 

S 

A 

A 

0.074 

0.074 

1416. 

457. 

76. 

0.247 

3A-1C-2-0C 

-250. 

3.070 

1 .020 

s 

A 

A 

0.074 

0.074 

1186. 

379. 

76. 

0.207 

3A-1C-2-7A 

70. 

3.050 

1 .020 

s 

A 

A 

0.074 

0.074 

1346. 

433. 

76. 

0.235 

3A-1C-2-8A 

70. 

3.050 

1 .020 

s 

A 

A 

0.074 

0.074 

1288. 

414. 

76. 

0.225 

3A-1C-2-9A 

70. 

3.060 

1 .020 

s 

A 

A 

0.074 

0.074 

798. 

256. 

76. 

0.139 

3A-1C-2-10A 

70. 

3.040 

1.020 

s 

A 

A 

0.074 

0.074 

1346. 

434. 

76. 

0.235 

3A-1C-2-11A 

70. 

3.060 

1 .020 

s 

A 

A 

0.074 

0.074 

1258. 

403. 

76. 

0.219 

3A-1C-2-12A 

70. 

3.040 

1 .020 

s 

A 

A 

0.074 

0.074 

1158. 

373. 

76. 

0.202 

3A-1C-2-13H 

550. 

3.040 

1 .020 

s 

A 

A 

0.074 

0.074 

1774. 

572. 

76. 

0.309 

3A-1C-2-14H 

550. 

3.060 

1 .020 

s 

A 

A 

0.074 

0.074 

1506. 

483. 

76. 

0.263 

3A-1C-2-15H 

550. 

3.030 

1 .020 

s 

A 

A 

0.074 

0.074 

940. 

304. 

76. 

0.164 

3A-1C-2<16H 

I 550. 

3.050 

0.990 

s 

A 

A 

0.074 

0.074 

1540. 

510. 

76. 

0.277 

3A-1C-2-t7H 

■ 550. 

3.040 

1 .020 

s 

A 

A 

0.074 

0.074 

1222. 

. 394. 

76. 

0.213 

3A-1C-2-18H 

550. 

3.040 

0.990 

s 

A 

A 

0.074 

0.074 

1668. 

554. 

76. 

0.300 


3 



TABLE B-1 COIITIHUED 
(B) US CUSTOMARY UNITS 













ADHEREND 


AVERAGE 





LAP 

LAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE 

LENGTH 

WIDTH 

CODEN 

CODE* 

( INI 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(F) 

MNI 

( IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSi) 


3A-2A-2-1C 

-250. 

2.020 

1 .003 

S 

B 

B 

0.069 

0.069 

1370. 

676. 

141 . 

0.140 

3A-2A>2>2C 

-250. 

2.015 

0.998 

S 

B 

B 

0.069 

0.069 

1410. 

701 . 

141 . 

0.145 

3A*2A>2-3C 

-250. 

2.000 

1 .002 

S 

B 

B 

0.069 

0.069 

1180. 

589. 

141 . 

0.121 

3A-2A-2-4C 

-250. 

2.020 

1 .002 

S 

B 

D 

0.069 

0.069 

1165. 

576. 

141 . 

0.120 

3A-2A-2-5C 

-250. 

2.025 

1 .005 

S 

B 

B 

0.069 

0.069 

1495. 

735. 

141 . 

0.153 

3A-2A-2-6C 

-250. 

2.005 

1 .000 

S 

B 

B 

0.089 

0.069 

1025. 

511 . 

141 . 

0.105 

3A-2A-2-7A 

70. 

2.005 

0.999 

s 

B 

B 

0.069 

0.069 

1195. 

597. 

141 . 

0.123 

3A-2A-2-8A 

70. 

2.025 

1 .000 

s 

B 

B 

0.069 

0.069 

1125. 

556. 

141 . 

0.110 

3A-2A-2-9A 

70. 

2.000 

0.995 

s 

B 

B 

0.069 

0.069 

1070. 

538. 

141 . 

0.111 

3A«2A>2-10A 

70. 

2.000 

0.999 

s 

B 

B 

0.069 

0.069 

1150. 

575. 

141 . 

0.118 

3A-2A<2-11A 

70. 

2.010 

1 .000 

s 

B 

B 

0.069 

0.069 

1030. 

512. 

141 . 

0.106 

3A-2A-2-12A 

70. 

2.020 

1 .003 

s 

B 

B 

0.069 

0.069 

1 525. 

753. 

141 . 

0.156 

3A-2A-2-13H 

550. 

2.010 

1 .003 

s 

B 

B 

0.069 

0.069 

1747. 

867. 

141 . 

0.179 

3A-2A>2-14H 

550. 

2.015 

1 .002 

s 

B 

B 

0.069 

0.069 

2018. 

999. 

141 . 

0.207 

3A-2A-2-15H 

550. 

2.020 

1 .004 

s 

B 

B 

0.069 

0.069 

2213. 

1091 . 

141 . 

0.227 

3A-2A-2>16H 

550. 

2.015 

1 .008 

s 

B 

B 

0.069 

0.069 

2348. 

1157. 

141 . 

0.240 

3A-2A-2-17H 

550. 

2.030 

1 .002 

s 

B 

B 

0.069 

0.069 

2235 . 

1098. 

141 . 

0.229 

3A-2A-2-18H 

550. 

2.015 

1 .003 

s 

B 

B 

0.069 

0.069 

2218. 

1097. 

141 . 

0.227 

3A-2A-2-19H 

550. 

2.030 

1 .007 

s 

B 

B 

0.069 

0.069 

2508. 

1227. 

141 . 

0.256 

3A-3A-2-1A 

70. 

2.020 

1 .004 

s 

C 

C 

0.063 

0.063 

1190. 

587 . 

76. 

0,248 

3A”3A“2”2A 

70. 

2.000 

1 .005 

s 

C 

C 

0.063 

0.063 

1278. 

636 . 

76 . 

0.266 

3A-3A-2-3A 

70. 

2.010 

1 .005 

s 

C 

C 

0.063 

0.063 

1236. 

612. 

76. 

0.257 

3A-3A-2-4A 

70. 

2.020 

1 .003 

s 

C 

C 

0.063 

0.063 

1222. 

603. 

76 . 

0.254 

3A-3A-2-5A 

70. 

2.000 

1 .006 

s 

C 

C 

0.063 

0.063 

970. 

482. 

76. 

0.201 

3A-3A-2-6A 

70. 

2.010 

1 .003 

s 

C 

C 

0.083 

0.063 

1243. 

617. 

76, 

0.259 

3A-3A-2-7A 

70. 

2.010 

1 .002 

s 

C 

C 

0.063 

0.063 

1 357 . 

674. 

76. 

0,283 

3A“3A”2“8A 

70. 

2.000 

1 .005 

s 

C 

C 

0.063 

0.063 

1030. 

512. 

76. 

0.214 

3A-4A-2-1A 

70. 

2.010 

1 .014 

s 

D 

D 

0.059 

0.059 

1394. 

684. 

76, 

0.307 

3A-4A-2-2A 

70. 

2.010 

1.017 

s 

D 

D 

0,059 

0.059 

1324. 

648 . 

76 . 

0.290 

3A-4A-2-3A 

70. 

2.050 

1 .021 

s 

0 

0 

0.059 

0.059 

1 754. 

838 . 

76 . 

0.383 

3A-4A-2-4A 

70. 

2.030 

1 .015 

s 

0 

D 

0.059 

0.059 

1464. 

711 . 

76. 

0.322 

3A-4A-2-5A 

70. 

2.040 

1 .017 

s 

D 

D 

0.059 

0.059 

360. 

174. 

76. 

0.079 

3A-4A-2-6A 

70. 

2.040 

1 .019 

s 

D 

D 

0.059 

0.059 

920. 

443. 

76. 

0.201 

3A-5A-2-1C 

-250. 

2.030 

1 .010 

s 

E 

Q 

0.045 

0.091 

598. 

292. 

76, 

0.173 

3A-5A-2-2C 

-250. 

2.030 

1 .010 

s 

E 

Q 

0.045 

0.091 

582 . 

284. 

78. 

0.168 

3A-5A-2-3C 

-250. 

2.030 

1 .000 

s 

E 

G 

0.045 

0.091 

534. 

253. 

76. 

0.156 

3A-5A-2-4C 

-250. 

2.040 

1 .010 

s 

E 

G 

0.045 

0.091 

514. 

249. 

76. 

0.149 

3A-5A-2-5C 

-250. 

2.020 

1 .010 

s 

E 

G 

0.045 

0.091 

550. 

270. 

76. 

0.159 





TABLE B-1 CONTINUED 
(Bl US CUSTOMARY UNITS 

AOHEREND AVERAl^E 




LAP 

LAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE 

LENGTH 

WIDTH 

COOEK 

CODE* 

(IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(F) 

(IN) 

(IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSI ) 


3A-5A-2-6A 

70. 

2.030 

1 .010 

S 

E 

G 

0.045 

0.091 

646. 

315. 

76. 

0.187 

3A-5A-2-7A 

70. 

2.020 

1 .010 

S 

E 

Q 

0.045 

0.091 

516. 

253. 

76. 

0.149 

3A-5A>2-8A 

70. 

2.030 

1 .010 

S 

E 

Q 

0.045 

0.091 

544. 

265. 

76. 

0.157 

3A-5A-2-9A 

70. 

2.000 

1 .020 

S 

E 

G 

0.045 

0.091 

875. 

429. 

76. 

0.251 

3A<9A-2-10A 

70. 

2.030 

1 .010 

S 

E 

Q 

0.045 

0.091 

490. 

239. 

76. 

0.142 

3A-5A-2-11A 

70. 

2.030 

1 .010 

S 

E 

G 

0.045 

0.091 

844. 

412. 

76. 

0.244 

3A-9A-2-12H 

550. 

2.020 

1 .010 

S 

E 

Q 

0.045 

0.091 

808. 

396. 

76. 

0.234 

3A-SA-2>13H 

550. 

2.030 

1 .010 

S 

E 

G 

0.045 

0.091 

844. 

412. 

76. 

0.244 

3A-5A-2-14H 

550. 

2.030 

1 .000 

S 

E 

Q 

0.045 

0.091 

1090. 

537. 

76. 

0.319 

3A-SA-2-15H 

550. 

2.030 

1.010 

S 

E 

Q 

0.045 

0.091 

1384. 

675. 

76. 

0.401 

3A-5A-2-16H 

550. 

2.030 

1 .010 

S 

E 

Q 

0.045 

0.091 

526. 

257. 

76. 

0.152 

3A>6A-2-1A 

70. 

2.040 

1 .020 

S 

H 

H 

0.116 

0.116 

1054. 

507. 

76. 

0.117 

3A-6A-2-2A 

70. 

2.030 

1 .020 

S 

H 

H 

0.116 

0.116 

1212. 

585. 

76. 

0.135 

3A-6A-2-3A 

70. 

2.020 

1.020 

S 

H 

H 

0.116 

0.116 

994. 

482. 

76. 

0.111 

3A<6A-2*4A 

70. 

2.010 

1 .020 

S 

H 

H 

0.116 

0.116 

1190. 

580. 

76. 

0.132 

3A-6A-2-5A 

70. 

2.030 

1 .020 

S 

H 

H 

0.116 

0.116 

1140. 

551 . 

76. 

0.127 

3A-6A-2-6A 

70. 

2.030 

1 .020 

S 

H 

H 

0.116 

0.116 

1190. 

575. 

76. 

0.132 

3B-1A-2<1C 

•250. 

1 .000 

0.990 

s 

A 

T 

0.070 

0.031 

616. 

622. 

134. 

0.150 

3B-1A-2-2C 

-250. 

1 .000 

0.990 

s 

A 

T 

0.070 

0.031 

586. 

592. 

134. 

0.142 

3B-1A-2-3C 

-250. 

1 .010 

0.980 

s 

A 

T 

0.070 

0.031 

640. 

647. 

134. 

0.157 

3B-1A-2-4C 

-250. 

1 .020 

0.990 

s 

A 

T 

0.070 

0.031 

474. 

469. 

134. 

0.115 

3B-1A-2-SC 

-250. 

1 .000 

0.990 

s 

A 

T 

0.070 

0.031 

554. 

560. 

134. 

0.135 

3B-1A-2-6C 

-250. 

1 .020 

0.990 

s 

A 

T 

0.070 

0.031 

465. 

460. 

134. 

0.113 

3B-1A-2-7A 

70. 

1 .000 

0.990 

s 

A 

T 

0.070 

0.031 

748. 

756. 

134. 

0.182 

3B-1A-2-8A 

70. 

1.020 

0.990 

s 

A 

T 

0.070 

0.031 

598. 

592. 

134. 

0.145 

3B-1A-2-9A 

70. 

1 .030 

0.990 

s 

A 

T 

0.070 

0.031 

756. 

741 . 

134. 

0.184 

3B-1A-2-10A 

70. 

1 .010 

0.980 

s 

A 

T 

0.070 

0.031 

570. 

584. 

134. 

0.142 

3B-1A-2-11A 

70. 

1 .010 

0.990 

s 

A 

T 

0.070 

0.031 

694. 

694. 

134. 

0.169 

3B-1A-2-12A 

70. 

1 .010 

0.990 

s 

A 

T 

0.070 

0.031 

534. 

534. 

134. 

0.130 

3B>1A-2-13H 

550. 

1 .000 

0.990 

s 

A 

T 

0.070 

0.031 

1374. 

1388. 

134. 

0 334 

3B-1A-2-14H 

550. 

1 .010 

0.990 

s 

A 

T 

0.070 

0.031 

566. 

566. 

134. 

0.138 

3B-1A-2-15H 

550. 

1 .010 

0.990 

s 

A 

T 

0.070 

0.031 

1160. 

1160. 

134. 

0.7.82 

3B-1A-2-16H 

550. 

1 .020 

0.990 

5 

A 

T 

0.070 

0.031 

884. 

875. 

134, 

0.215 

3B-1A-2-17H 

550. 

1 .020 

0.990 

s 

A 

T 

0.070 

0.031 

1320. 

1307. 

134. 

0.321 

3B-1A-2-18H 

550. 

1.020 

0.990 

s 

A 

T 

0.070 

0.031 

1334. 

1371 . 

134. 

0.337 


u> 

I-* 

CO 



TADLE B-1 CONTINUED 
(B) US CUSTOMARY UNITS 




SPECIMEN TEMPERATURE 

NUMBER 

• IF) 

3B-1B-2-1C 

-250. 

3B-1B-2-2C 

-250. 

3B-1B<2-3C 

-250. 

3B-1B<2-4C 

-250. 

3B-1B-2-5C 

-250. 

3B-1B-2-6C 

-250. 

3B-1B>2-7A 

70. 

3B-1B-2-8A 

70. 

3B-1B>2-9A 

70. 

3B-1B-2-10A 

70. 

3B-1B-2-11A 

70. 

3B-1B-2-12A 

70. 

3D-1B-2-13H 

550. 

3B-1B-2-14H 

550. 

3B-1B-2-15H 

550. 

3B-1B-2-16H 

550. 

3B-1B-2-17H 

550. 

3B-1B-2-18H 

550. 

3B-1C-2-1C 

-250. 

3B-1C-2-2C 

-250. 

3B-1C-2-3C 

-250. 

3B-1C-2-4C 

-250. 

3B-1C-2-5C 

-250. 

3B-1C-2-8C 

-250. 

3B-1C-2-7A 

70. 

3B-1C-2-8A 

70. 

3B-1C-2-9A 

70. 

3B-1C-2-10A 

70. 

3B-1C-2-11A 

70. 

3B-1C-2-12A 

70. 

3B-1C-2-13H 

550. 

3B-1C-2-14H 

550. 

3B-1C-2-15H 

550. 

3B-1C-2-1CH 

550. 

3B-1C-2-17H 

550. 

3B-1C-2-18H 

550. 


LAP 

LAP 

CONFIG 

LAYUP 

LENGTH 

UN) 

liriDTH 

UN) 

COOE« 

CODEt 
1 2 

2.030 

0.990 

S 

A 

T 

2.000 

0.990 

S 

A 

T 

2.010 

0.900 

S 

A 

T 

2.000 

0.990 

S 

A 

T 

2.020 

0.990 

S 

A 

T 

2.010 

0.990 

S 

A 

T 

2.010 

0.990 

S 

A 

T 

2.010 

0.980 

S 

A 

T 

2.000 

0.980 

S 

A 

T 

2.030 

0.990 

S 

A 

T 

2.020 

0.980 

S 

A 

T 

2.010 

0.990 

S 

A 

T 

2.020 

0.990 

S 

A 

T 

2.010 

0.990 

S 

A 

T 

2.010 

0.990 

s 

A 

T 

2.020 

0.990 

s 

A 

T 

2.010 

0.990 

s 

A 

T 

2.000 

0.990 

s 

A 

T 

3.040 

0.990 

s 

A 

T 

3.010 

0.990 

s 

A 

T 

3.000 

0.990 

s 

A 

T 

3.040 

0.990 

s 

A 

T 

3.030 

0.980 

s 

A 

T 

3.040 

0.990 

s 

A 

T 

3.010 

0.990 

5 

A 

T 

3.020 

0.990 

s 

A 

T 

3.010 

0.990 

' s 

A 

T 

3.050 

0.990 

s 

A 

T 

3.010 

0.990 

$ 

A 

T 

3.050 

0.990 

s 

A 

T 

3.010 

0.990 

s 

A 

T 

3.020 

0.970 

s 

A 

T 

3.050 

0.990 

s 

A 

T 

3.050 

0.990 

s 

A 

T 

3.000 

0.930 

s 

A 

T 

3.010 

0.990 

s 

A 

T 


ADHEREHD 


THICKNESSES 

FAILURE 

UN) 

LOAD 

1 

2 

(LBS) 

0.070 

0.031 

662. 

0.070 

0.031 

800. 

0.070 

0.031 

874. 

0.070 

0.031 

840. 

0.070 

0.031 

604. 

0.070 

0.031 

814. 

0.070 

0.031 

1280. 

0.070 

0.031 

1120. 

0.070 

0.031 

1144. 

0.070 

0.031 

916. 

0.070 

0.031 

1052. 

0.070 

0.031 

1022. 

0.070 

0.031 

1544. 

0.070 

0.031 

1536. 

0.070 

0.031 

1654. 

0.070 

0.031 

1672. 

0.070 

0.031 

1520. 

0.070 

0.031 

1494. 

0.070 

0.031 

600. 

0.070 

0.031 

572. 

0.070 

0.031 

698. 

0.070 

0.031 

6 42. 

0.070 

0.031 

630. 

0.070 

0.031 

564. 

0.070 

0.031 

610. 

0.070 

0.031 

886. 

0.070 

0.031 

940. 

0.070 

0.031 

914. 

0.070 

0.031 

750. 

0.070 

0.031 

538. 

0.070 

0.031 

1400. 

0.070 

0.031 

1330. 

0.070 

0.031 

1664. 

0.070 

0.031 

1524. 

0.070 

0.031 

1260. 

0.070 

0.031 

1778. 


AVERAGE 



JOINT 


JOINT 

STRESS 

FTU 

EFF ICIENCY 

(PSD 

(K5I) 


329. 

134. 

0.161 

404. 

134. 

0.195 

439. 

134. 

0.213 

424. 

134. 

0.204 

302. 

134. 

0.147 

409. 

134. 

0.198 

643. 

134. 

0.311 

569. 

134. 

0.275 

584. 

134. 

0.281 

456. 

134. 

0.223 

531 . 

134. 

0.258 

514. 

134. 

0.249 

772. 

134. 

0.375 

772. 

134. 

0.373 

831 . 

134. 

0.402 

836. 

134. 

0.407 

764. 

134. 

0.370 

755. 

134. 

0.363 

199. 

134. 

0.146 

192. 

134. 

0.139 

235. 

134. 

0.170 

213. 

134, 

0.156 

212. 

134. 

0.155 

167. 

134. 

0.137 

205. 

134, 

0.148 

296. 

134. 

0.215 

315. 

134. 

0.229 

303. 

134. 

0.222 

252. 

134. 

0.182 

178. 

134. 

0.131 

470. 

134. 

0.340 

454. 

134. 

0.330 

551 . 

134. 

0.405 

SOS. 

134. 

0.371 

429. 

134. 

0.310 

597. 

134. 

0.432 


CJ 



TABLE B-1 COHCLUDED 
(B) US CUSTOMARY UNITS 




LAP 

LAP 

CONFIG 

LAYUP 

SPECIMEN 

TEMPERATURE 

LENGTH 

WIDTH 

CODEK. 

CODE* 

NUMBER 

(F) 

(IN) 

(IN) 


1 

2 

3C-1A-2-1A 

70. 

2.020 

1 .020 

T 

H 

H 

3C-1A-2-2A 

70. 

2.020 

1 .020 

T 

H 

H 

3C-1A-2-4A 

70. 

2.000 

1 .020 

T 

H 

H 

3C-1A-2-5A 

70. 

2.010 

1 .020 

T 

H 

H 

3C-1A-2-6A 

70. 

2.030 

1.020 

T 

II 

H 

3C-1A-2-7A 

70. 

2.030 

1 .010 

T 

H 

H 


ADHEREND 

THICKNESSES 

FAILURE 

AVERAGE 

JOINT 


JOINT 

(IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

1 

2 

(LBS) 

(PSD 

(KSI) 


0.116 

0.116 

1470. 

713. 

76. 

0.163 

0.116 

0.116 

1186. 

576. 

76. 

0.132 

0.116 

0.116 

1300. 

637. 

76. 

0.145 

0.116 

0.118 

1722. 

840. 

76. 

0.191 

0.116 

0.116 

1394. 

673. 

76. 

0.155 

0.116 

0.116 

1316. 

642. 

76. 

0.146 


N CONFiQURATION CODE 

$ s STANDARD 
T s TAPERED ADHEREND 

* LAYUP CODE 

A s [0,*/-45,9013S 
B s C0.«/-45,0(3)]2S 
C s [«/.4S,0,90]3S 
D s [0(31 .«/*4S(3) ,0(3)]S 
E : L0.+/-45.9032S 


G s [0,«/-45,90]4S 
H = t0,*/-45,9035S 
J s t0.*/-45,9036S 
K s [0,«4S.0(2) .<45.032S 
L : [0. ♦45,0(2) ,-45, 034S 


M 3 C0(3) ,4/-45(3) ,90(3)32S 
N 3 C*/-45,0,9036S 
P 3 [0,*/-45,90312S 
T 3 TITANIUM 



^ 


TABLE B-2 DOUBLE LAP JOINT TEST RESULTS 
(A) SI UNITS 




LAP 






ADHEREND 


AVERAGE 





LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (IMl) 

WIDTH 

LENGTH 

CODER 

CODEt 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(K) 

1 

2 

(MM) 

(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


3D-1A-2-1C 

116. 

20.6 

21 .3 

25.52 

1.27 

S 

E 

Q 

1.168 

2.337 

13.167 

12.310 

524. 

0.421 

3D-1A-2-2C 

116. 

20.8 

20.8 

25.44 

1 .27 

S 

E 

Q 

1.168 

2.337 

12.077 

11.395 

524. 

0.388 

3D-1A-2-3C 

116. 

20.6 

21.1 

25.48 

1 .27 

S 

E 

G 

1.168 

2.337 

9.853 

9.282 

524. 

0.316 

3D-1A-2-4C 

116. 

21.1 

20.8 

25.51 

1 .27 

S 

E 

Q 

1.168 

2.337 

11.743 

10.983 

524. 

0.376 

30-1A-2-5C 

116. 

22.1 

19.6 

25.36 

1 .27 

S 

E 

G 

1 .168 

2.337 

8.207 

7.768 

524. 

0.264 

30-1A-2-6C 

116. 

19.8 

22.1 

25.54 

1.27 

S 

E 

G 

1.168 

2.337 

12.099 

11.301 

524. 

0.387 

3D-1A-2-7A 

294. 

22.4 

19.3 

25.54 

1.27 

S 

E 

Q 

1.168 

2.337 

9.163 

8.613 

524. 

0.293 

3D-1A-2-8A 

294. 

20.3 

20.8 

25.48 

1 .27 

S 

E 

G 

1.168 

2.337 

6.541 

8. 146 

524. 

0.274 

3D-1A-2-9A 

294. 

19.3 

21 .8 

25.45 

1 .27 

S 

E 

Q 

1.168 

2.337 

8.941 

8.538 

524. 

0.287 

3D-1A-2-10A 

294. 

20.8 

20.3 

25.44 

1.27 

S 

E 

G 

1.168 

2.337 

8.710 

8.322 

524. 

0.280 

3D-1A-2-11A 

294. 

20.6 

21.3 

25.43 

1.27 

S 

E 

G 

1.168 

2.337 

9.626 

9.031 

524. 

0.309 

30-1A-2-12A 

294. 

20.6 

20.8 

25.48 

1.27 

S 

E 

G 

1.168 

2.337, 

9.065 

8.595 

524. 

0.291 

3D-1A-2-13H 

561 . 

20.6 

21.1 

25.52 

1 .27 

S 

E 

Q 

1.168 

2.337 

11.210 

10.544 

524. 

0.359 

3D-1A-2-14K 

561 . 

22.4 

19.3 

25.47 

1.27 

S 

E 

G 

1.168 

2.337 

10.053 

9.477 

524. 

0.322 

3D-1A-2-1 5H 

561 . 

19.8 

22.4 

25.45 

1 .27 

S 

E 

G 

1 .168 

2.337 

8.674 

8.082 

524. 

0.278 

3D-1A-2-16H 

561 . 

22.1 

19.0 

25.53 

1 .27 

S 

E 

G 

1.168 

2.337 

14.368 

13.679 

524. 

0.460 

3D-1A-2-17H 

561 . 

20.8 

21.3 

25.47 

1 .27 

S 

E 

Q 

1.168 

2.337 

10.453 

9.733 

524. 

0.335 

3D-1A-2-18H 

561 . 

22.4 

19.6 

25.53 

1.27 

S 

E 

G 

1.168 

2.337 

12.900 

12.058 

524. 

0.413 

30-1B-2-1C 

116. 

32.8 

33.0 

25.41 

1.27 

S 

E 

Q 

1.143 

2.286 

11.121 

6.654 

524. 

0.365 

3D-1B-2-2C 

116. 

33.3 

33.0 

25.28 

1.27 

S 

E 

G 

1.143 

2.286 

10.053 

6.000 

524. 

0.332 

3D-1B-2-3C 

116. 

32.5 

33.3 

25.37 

1 .27 

S 

E 

Q 

1.143 

2.286 

11.276 

6.755 

524. 

0.371 

3D-1B-2-4C 

116. 

33.0 

32.8 

25.48 

1.27 

s 

E 

G 

1.143 

2.286 

10.008 

5.972 

524. 

0.328 

3D-1B-2-5C 

116. 

32.5 

34.0 

25.42 

1 .27 

s 

E 

Q 

1.143 

2.266 

9.653 

5.705 

524. 

0.317 

3D-1B-2-6C 

116. 

32.5 

33.8 

25.46 

1 .27 

s 

E 

G 

1.143 

2.286 

10.765 

6.378 

524. 

0.353 

3D-1B-2-7A 

4fe ft 4ft ft' A A 

294. 

32.5 

33.3 

25.52 

1.52 

s 

E 

Q 

1.143 

2.286 

8.247 

4.912 

524. 

0.270 

3D-1B-2-8A 

204. 

32.5 

33.8 

25.36 

1.27 

s 

E 

Q 

1.143 

2.286 

10.262 

6.105 

524. 

0.338 

3D-IB-2-9A 

294. 

33.0 

33.0 

25.48 

1 .27 

s 

E 

G 

1.143 

2.286 

9.946 

5.912 

524. 

0.328 

3D"1B*2“10A 

294. 

32.0 

33.8 

25.50 

1 .27 

s 

E 

G 

1.143 

2.286 

11 .966 

7.132 

524. 

0.392 

3D-1B-2-1 1A 

294. 

33.3 

33.0 

25.37 

1 .27 

s 

E 

G 

1.143 

2.286 

9.920 

5.898 

524. 

0.326 

3D-1B-2-12A 

294. 

33.0 

33.0 

25.36 

1 .02 

5 

E 

Q 

1.143 

2.286 

8.874 

5.298 

524. 

0.292 

3D-1B-2-13H 

561 . 

33.0 

33.3 

25.39 

1 .27 

S 

E 

Q 

1.143 

2.286 

10.409 

6.183 

524. 

0.342 

30-1B-2-14H 

561 . 

34.3 

32.5 

25.46 

1 .27 

s 

E 

G 

1.143 

2.286 

13.967 

8.213 

524. 

0.458 

3D-1 B“2“1 SH 

561 . 

32.0 

34.3 

25.51 

1.27 

s 

E 

Q 

1.143 

2.286 

8.585 

5.076 

524. 

0.281 

3D-1B-2-16H 

561 . 

32.3 

34.0 

25.39 

1.27 

s 

E 

G 

1.143 

2.286 

14.457 

8.589 

524. 

0.475 

3D-tB“2-17H 

561 . 

34.3 

32.5 

25.53 

1 .02 

s 

E 

G 

1.143 

2.286 

11.121 

6.521 

524. 

0.364 

3D-1B-2-18H 

561 . 

32.3 

34.3 

25.50 

1 .27 

s 

E 

Q 

1.143 

2.286 

11 .210 

6. 606 

524. 

0.367 


# .k 



TABLE B-2 CONTINUED 
(A) SI UNITS 

LAP ADHERENO AVERAGE 




LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

thicknesses 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (lAII) 

WIDTH 

LENGTH 

CODE:* 

CODE* 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(K) 

1 

2 

IMM) 

(MK1) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


3D-1C-2-1C 

116. 

46.0 

45.5 

25.50 

1 .27 

S 

E 

G 

1.156 

2.311 

9.541 

4.092 

524. 

0.300 

3D-1C-2-2C 

116. 

45.5 

45.7 

25.44 

1 .27 

S 

E 

G 

1.156 

2.311 

9.208 

3.969 

524. 

0.299 

3D-1C-2-3C 

116. 

45.5 

46.0 

25.42 

1 .27 

S 

E 

Q 

1 .156 

2.311 

7.317 

3.148 

524. 

0.238 

3D-1C-2-4C 

116. 

45.5 

45.7 

25.28 

1 .27 

S 

E 

Q 

1.156 

2.311 

7.851 

3.406 

524. 

0.256 

30-1C-2-5C 

116. 

45.5 

46.0 

25.41 

1 .27 

S 

E 

G 

1.156 

2.311 

12.366 

5.323 

524. 

0.402 

3D-1C-2-6C 

116. 

45.5 

46.0 

25.32 

1 .27 

S 

E 

G 

1.156 

2.311 

8.498 

3.670 

524. 

0.277 

3D-1C-2-7A 

294. 

45.5 

46.0 

25.47 

1 .27 

S 

E 

G 

1.156 

2.311 

11.521 

4.947 

524. 

0.373 

3D-1C-2-8A 

294. 

45.5 

46.0 

25.48 

1 .27 

s 

E 

Q 

1.156 

2.311 

7.406 

3.179 

524. 

0.240 

3D-1C-2-9A 

294. 

45.5 

46.0 

25.35 

1 .27 

s 

E 

G 

1.156 

2.311 

9.452 

4.078 

524. 

0.308 

30-1C-2-10A 

294. 

45.7 

46.0 

25.49 

1 .27 

s 

E 

G 

1 .156 

2.311 

9.275 

3.968 

524. 

0.300 

3D-1C-2-11A 

294. 

45.5 

46.0 

25.37 

1.27 

s 

E 

G 

1.156 

2.311 

8.474 

3.653 

524. 

0.276 

3D-1C-2^12A 

294. 

45.2 

46.0 

25.54 

1 .27 

s 

E 

G 

1 .156 

2.311 

7.473 

3.209 

524. 

0.242 

3D-1C-2-13H 

561 . 

45.2 

46.0 

25.33 

1.27 

s 

E 

G 

1.156 

2.311 

7.562 

3.274 

524. 

0.246 

3D-1C>2*14H 

561 . 

45.5 

46.0 

25.48 

1 .27 

s 

E 

G 

1.156 

2.311 

10.342 

4.439 

524. 

0.335 

3D-1C-2-1SH 

561 . 

45.5 

45.7 

25.42 

1.27 

s 

E 

Q 

1.156 

2.311 

15.813 

6.823 

524. 

0.514 

3D-lC-2-t6H 

561. 

45.7 

45.7 

25.49 

1 .27 

s 

E 

G 

1.156 

2.311 

9.897 

4.247 

524. 

0.321 

3D-1C-2-17H 

561 . 

46.0 

45.2 

25.38 

1.27 

s 

E 

Q 

1.156 

2.311 

7.540 

3.257 

524. 

0.245 

3D-1C-2<*18H 

561 . 

45.5 

46.0 

25.38 

1 .27 

s 

E 

G 

1.156 

2.311 

8.585 

3.699 

524. 

0.279 

3D-2A-2-1C 

116. 

21.6 

20.3 

25.70 

1.27 

s 

A 

J 

1 .664 

3.327 

8.340 

7.743 

524. 

0.186 

3D-2A-2-2C 

116. 

20.8 

20.3 

25.66 

1 .27 

s 

A 

J 

1.664 

3.327 

8.229 

7.793 

524. 

0.184 

3D-2A-2-3C 

116. 

20.8 

20.1 

25.60 

1 .27 

s 

A 

J 

1 .664 

3.327 

16.970 

16.211 

524. 

0.380 

3D-2A-2-4C 

116. 

20.1 

21.1 

25.62 

1 .27 

s 

A 

J 

1 .664 

3.327 

9.163 

8.691 

524. 

0.205 

3D-2A-2-5C 

116. 

21.3 

20.1 

25.73 

1 .27 

s 

A 

J 

1 .664 

3.327 

8.741 

8.204 

524. 

0.195 

3D-2A-2-6C 

116. 

20.1 

20.8 

25.60 

1 .27 

s 

A 

J 

1 .664 

3.327 

7.807 

7.458 

524. 

0.175 

3D-2A-2-7A 

294. 

20.1 

21.3 

25.61 

1 .27 

s 

A 

J 

1 .664 

3.327 

8.563 

8.076 

524. 

0.192 

3D-2A>2>8A 

294. 

20.3 

20.1 

25.39 

1 .27 

s 

A 

4 

1 .664 

3,327 

8.007 

7.807 

524. 

0.181 

3D-2A>2-9A 

294. 

21.1 

20.1 

25.59 

1 .27 

s 

A 

J 

1.664 

3.327 

12.655 

12.018 

524. 

0.264 

3D-2A-2-10A 

294. 

20.1 

20.6 

25.65 

1 .27 

s 

A 

J 

1 .664 

3.327 

8.674 

8.321 

524. 

0.194 

30-2A-2-1tA 

294. 

20.3 

20.1 

25.67 

1 .27 

s 

A 

4 

1 .664 

3.327 

9.364 

9.033 

524. 

0.209 

30-2A-2-12A 

294. 

20.1 

20.8 

25.65 

1 .27 

s 

A 

4 

1 .064 

3.327 

16.080 

15.332 

524 . 

0.360 

3D-2A-2>13H 

561 . 

20.3 

20.1 

25.52 

1.27 

s 

A 

4 

1 .604 

3.327 

10.974 

10.647 

524. 

0.247 

3D-2A-2-14H 

561 . 

20.3 

19.8 

25.46 

1 .27 

s 

A 

4 

1 .664 

3.327 

10.253 

10.033 

524. 

0.231 

3D-2A-2-16H 

561 . 

20.3 

21.1 

25.53 

1 .27 

s 

A 

4 

1 .664 

3.327 

13.474 

12.749 

524. 

0.303 

3D-2A-2-17H 

561 . 

20.1 

20.8 

25.54 

1 .27 

s 

A 

4 

1.664 

3.327 

19.194 

18.378 

524. 

0.431 

3D-2A-2-18H 

561 . 

20.1 

20.8 

25.62 

1 .27 

s 

A 

4 

1.664 

3.327 

10.653 

10.167 

524. 

0.238 


CJ 

H-* 

>4 




TABLE B>2 CONTINUED 
lA) SI UNITS 




LAP 






ADHEREND 


AVERAGE 





LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (MM) 

WIDTH 

LENGTH 

CODEM 

C0DE« 

(t3M) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMSER 

IK) 

1 

2 

(MM) 

(MM) 


1 

2 

1 

2 

(KH) 

(MPA) 

(I4PA) 


30-2B-2-1C 

116. 

34.0 

33.8 

25.51 

0.76 

S 

A 

J 

1 .943 

3.886 

16.547 

9.565 

524. 

0.319 

3D-2B-2-2C 

116. 

34.0. 

33.8 

25.50 

0.76 

S 

A 

J 

1.943 

3.886 

16.903 

9.776 

524. 

0.326 

3D-2B-2-3C 

116. 

34.0 

33.8 

25.52 

0.76 

S 

A 

J 

1.943 

3.886 

14.056 

8.123 

524. 

0.271 

3D-2B-2-4C 

116. 

33.5 

34.3 

25.43 

0.51 

S 

A 

J 

1.943 

3.886 

16.325 

9.468 

524. 

0.315 

3D-2B-2-5C 

116. 

34.0 

33.5 

25.48 

0.76 

S 

A 

J 

1.943 

3.886 

16.970 

9.858 

524. 

0.327 

30-2B-2-5C 

116. 

33.8 

34.0 

25.53 

0.76 

S 

A 

J 

1.943 

3.886 

16.325 

9.428 

524. 

0.314 

30-2B-2-7A 

294. 

34.0 

33.8 

25.59 

0.76 

s 

A 

J 

1.943 

3.886 

14.768 

8.511 

524. 

0.203 

3D-26-2-8A 

294. 

34.3 

33.8 

25.45 

0.76 

s 

A 

J 

1 .943 

3.886 

13.745 

7.934 

524. 

0.265 

30-2B-2-BA 

294. 

33.5 

34.3 

25.54 

0.76 

s 

A 

J 

1 .943 

3.886 

15.524 

8.961 

524. 

0.298 

3D-2B-2-10A 

294. 

34.0 

33.5 

25.50 

0.76 

s 

A 

J 

1 .943 

3.886 

15.769 

9.153 

524. 

0.304 

3D-2B-2-11A 

294. 

34.0 

34.0 

25.54 

0.76 

s 

A 

J 

1.943 

3.886 

15.035 

8.648 

524. 

0.269 

3D-2B-2-12A 

294. 

33.8 

34.0 

25.36 

0.76 

s 

A 

J 

1.943 

3.886 

14.479 

8.420 

524. 

0.280 

3D-2B-2-13H 

661 . 

34.5 

33.8 

25.57 

0.51 

s 

A 

J 

1.943 

3.886 

11.165 

6.391 

524. 

0.214 

3D-2B-2-14H 

561 . 

34.0 

33.8 

25.48 

0.51 

s 

A 

J 

1.943 

3.886 

16.725 

9.679 

524. 

0.322 

3D-2B-2-15H 

561 . 

34.3 

33.8 

25.48 

0.76 

s 

A 

J 

1 .943 

3.886 

13.789 

7.951 

524. 

0.266 

30-2B>2**16H 

561 . 

34.0 

33.5 

25.40 

0.76 

s 

A 

J 

1.943 

3.886 

14.590 

8.503 

524. 

0.282 

3D-2B-2-17H 

561 . 

33.8 

34.0 

25.33 

0.76 

s 

A 

J 

1.943 

3.886 

12.366 

7.200 

524. 

0.240 

3D-2B-2-18H 

561 . 

34.0 

33.8 

25.51 

0.76 

s 

A 

3 

1.943 

3.886 

15.435 

8.923 

524. 

0.297 

3D-2C-2-1C 

116. 

46.0 

46.0 

25.50 

2.29 

s 

A 

J 

1 .727 

3.454 

16.280 

6.943 

524. 

0.353 

3D-2C-2-2C 

116. 

46.0 

45.7 

25.45 

2.54 

s 

A 

J 

1.727 

3.454 

12.544 

5.375 

524. 

0.272 

3D-2C-2-SC 

A A A a ak 

116. 

46.0 

46.5 

25.40 

2.54 

s 

A 

J 

1 .727 

3.454 

10.142 

4.319 

524. 

0.221 

3D-2C-2-4C 

116. 

46.2 

45.7 

25.45 

2.29 

s 

A 

J 

1 .727 

3.454 

15.524 

6.634 

524. 

0.337 

3D-2C-2-5C 

116. 

46.2 

46.0 

25.48 

2.54 

s 

A 

J 

1 .727 

3.454 

18.727 

7.972 

524. 

0.406 

3D-2C-2-6C 

116. 

46.0 

46.0 

25.35 

2.54 

s 

A 

J 

1 .727 

3.454 

17.659 

7.577 

524. 

0.385 

30-2C-2-7A 

294. 

46.2 

46.0 

25.45 

2.54 

s 

A 

J 

1 .727 

3.454 

17.748 

7.563 

524. 

0.385 

3D-2C-2-8A 

294. 

46.2 

46.0 

25.45 

2.54 

s 

A 

J 

1 .727 

3.454 

19.439 

8.284 

524. 

0.422 

3D-2C-2-9A 

294. 

46.2 

46.0 

25.43 

2.54 

s 

A 

J 

1 .727 

3.454 

13.434 

5.730 

524. 

0.292 

3D-2C-2-10A 

294. 

46.0 

46.0 

25.43 

2.54 

s 

A 

J 

1 .727 

3.454 

13.345 

5.708 

524. 

0.290 

3D-2C-2-1 1 A 

294. 

46.0 

46.2 

25.37 

2.54 

s 

A 

J 

1 .727 

3.454 

18.594 

7.947 

524. 

0.405 

3D-2C-2-12A 

294. 

45.7 

46.0 

25.43 

2.54 

s 

A 

3 

1 .727 

3.454 

11.254 

4.827 

524. 

0.245 

30-2C-2-13H 

561 . 

46.0 

46.2 

25.43 

2.54 

s 

A 

3 

1.727 

3.454 

16.238 

7.700 

524. 

0.396 

3D-2C-2~14H 

561 . . 

46.2 

46.0 

25.50 

2.54 

s 

A 

3 

1 .727 

3.454 

13.434 

5.713 

524. 

0.291 

3D~2C“2“1 5H 

561 . 

46.2 

45.7 

25.45 

2.54 

s 

A 

3 

1 .727 

3.454 

20.195 

8.630 

524. 

0.438 

3D-2C~2-16H 

561 . 

46.0 

46.0 

25.40 

2.54 

s 

A 

3 

1 .727 

3.454 

16.725 

7. 161 

524. 

0.364 

3D-2C-2-17H 

561 . 

46.2 

45.7 

25.43 

2.54 

s 

A 

3 

1 .727 

3.454 

19.795 

8.467 

524. 

0.430 

3D-2C-2>18H 

561 . 

46.2 

46.0 

25.45 

2.54 

s 

A 

3 

1.727 

3.454 

17.6(5 

7.507 

521. 

0.382 



TABLE B-2 CONTIMUED 
(A) SI UNITS 

LAP ADHEREND AVERAGE 




LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (MM) 

WIDTH 

LENGTH 

CODEN 

CODE* 

IMMI 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(K) 

1 

2 

(MM) 

(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


3D-3A-2-1C 

116. 

33.3 

33.8 

25.46 

2.03 

S 

K 

L 

1.676 

3.353 

16.303 

9.549 

972. 

0.196 

3D-3A-2-2C 

116. 

33.3 

33.3 

25.43 

2.29 

S 

K 

L 

1.676 

3.353 

16.258 

9.606 

972. 

0.196 

30-3A>2-3C 

116. 

33.5 

33.8 

25.50 

2.03 

S 

K 

L 

1.676 

3.353 

17.170 

10.005 

972. 

0.207 

3D-3A-2-4C 

116. 

34.0 

33.3 

25.41 

2.03 

S 

K 

L 

1.676 

3.353 

14.679 

8.582 

972. 

0.177 

3D-3A-2-SC 

116. 

34.0 

33.3 

25.46 

2.03 

s 

K 

L 

1.676 

3.353 

14.234 

8.306 

972. 

0.172 

3D-3A-2-6C 

116. 

34.0 

33.3 

25.52 

2.03 

S 

K 

L 

1 .676 

3.353 

17.393 

10.124 

972. 

0.209 

3D-3A-2-7A 

294. 

34.0 

33.3 

25.44 

2.03 

$ 

K 

L 

1.676 

3.353 

17.615 

10.288 

972. 

0.212 

3D-3A-2-8A 

294. 

34.0 

33.3 

25.36 

2.03 

s 

K 

L 

1.676 

3.353 

16.280 

9.537 

972. 

0.197 

3D-3A-2-9A 

294. 

34.0 

33.3 

25.33 

2.03 

s 

K 

L 

1 .676 

3.353 

15.346 

9.000 

972. 

0.186 

3D-3A-2-10A 

294. 

34.0 

33.3 

25.47 

2.03 

s 

K 

L 

1.676 

3.353 

15.902 

9.275 

972. 

0.192 

3D-3A-2-11A 

294. 

34.0 

33.3 

25.53 

2.03 

s 

K 

L 

1.676 

3.353 

16.280 

9.473 

972. 

0.196 

3D-3A-2-12A 

294. 

33.5 

33.5 

25.48 

2.29 

s 

K 

L 

1 .676 

3.353 

16.592 

9.709 

972. 

0.200 

3D-3A-2-13H 

561 . 

33.5 

33.5 

25.52 

2.29 

s 

K 

L 

1.676 

3.353 

24.243 

14.164 

972. 

0.291 

3D-3A-2-14H 

561 . 

34.0 

33.3 

25.52 

2.03 

s 

K 

L 

1.676 

3.353 

23.175 

13.491 

972. 

0.279 

3D-3A-2-15H 

561 . 

34.0 

33.3 

25.25 

2.03 

s 

K 

L 

1.676 

3.353 

28.380 

16.700 

972. 

0.345 

3D-3A-2-17H 

561 . 

33.8 

33.3 

25.51 

2.29 

s 

K 

L 

1.676 

3.353 

22.819 

13.338 

9/2. 

0.274 

30-3A-2-18H 

561 . 

34.0 

33.3 

25.48 

2.03 

s 

K 

L 

1 .676 

3.353 

23.042 

13.437 

972. 

0.277 

30*3A-2-19H 

561 . 

34.0 

33.3 

25.48 

2.03 

s 

K 

L 

1 .676 

3.353 

26.200 

15.277 

972. 

0.315 

3D-4A-2-1C 

116. 

33.5 

33.3 

25.55 

2.79 

s 

D 

M 

1.587 

3.175 

12.811 

7.506 

524. 

0.301 

3D-4A-2-2C 

116. 

34.0 

33.3 

25.46 

2.03 

s 

D 

M 

1.587 

3.175 

10.409 

6.074 

524. 

0.246 

3D-4A-2-3C 

116. 

33.0 

34.0 

25.52 

2.29 

s 

D 

M 

1.587 

3.175 

10.720 

6.265 

524. 

0.252 

3D-4A-2-4C 

116. 

33.8 

33.0 

25.45 

2.29 

s 

D 

M 

1 .587 

3.175 

10.765 

6.332 

524. 

0.254 

3D-4A-2-5C 

116. 

33.5 

33.3 

25.56 

2.54 

s 

D 

M 

1.587 

3.175 

11.321 

6.631 

524. 

0.266 ' 

3D-4A-2-6C 

116. 

33.5 

33.5 

25.43 

2.29 

s 

D 

M 

1.587 

3.175 

11.632 

6.823 

524. 

0.275 

3D-4A-2-7A 

294. 

33.5 

34.0 

25.55 

2,29 

s 

D 

M 

1.587 

3.175 

12.455 

7.214 

524. 

0.293 

3D-4A-2-8A 

294. 

32.8 

34.3 

25.55 

2.03 

s 

D 

M 

1.587 

3.175 

16.169 

9.439 

524. 

0.380 

3D-4A-2-9A 

294. 

34.3 

33.0 

25.26 

2.29 

s 

D 

M 

1.587 

3.175 

13.523 

7.953 

524. 

0.322 

3D-4A-2-10A 

294. 

33.5 

33.5 

25.50 

2.29 

s 

D 

M 

1.587 

3.175 

12.499 

7.310 

524. 

0.205 

3D-4A-2-11A 

294. 

33.8 

33.0 

25.55 

2.29 

s 

D 

M 

1.587 

3.175 

13.967 

8.183 

524. 

0.329 

3D-4A-2-12A 

294. 

33.8 

33.5 

25.33 

2.29 

s 

D 

M 

1.587 

3.175 

9.497 

5.570 

524. 

0.22S 

3D-4A-2*13H 

561. 

33.5 

33.5 

25.50 

2.29 

s 

0 

M 

1.587 

3.175 

14.145 

8.272 

524. 

0.333 

30-4A-2-14H 

561. 

33.5 

33.8 

25.21 

2.29 

s 

D 

M 

1.587 

3.175 

15.524 

9.148 

524. 

0.370 

3D-4A-2-15H 

561 . 

32.8 

34.0 

25.47 

2.29 

$ 

D 

M 

1.537 

3.175 

13.656 

8.027 

524. 

0.322 

3D-4A-2-t6H 

561 . 

33.0 

33.5 

25.50 

2.03 

s 

D 

M 

1.587 

3.175 

22.241 

13.106 

524. 

0.524 

3D-4A-2-17H 

561 . 

33.5 

33.8 

25.34 

2.29 

s 

D 

M 

1.587 

3.175 

15.836 

9.286 

024. 

0.376 

3D-4A-2-18H 

561 . 

33.3 

33.5 

25.49 

2.54 

s 

0 

M 

1.587 

3.175 

15.524 

9.117 

524. 

0.366 


CO 

^o 



TABLE B>2 CONTINUED 
(A) SI UNITS 






LAP 

LENGTHS 

SPECIMEN TEMPERATURE (MM) 

LAP 

WIDTH 

GAP 

LENGTH 

CONFIG 

CODEtf 

NUMBER 

(K) 

1 

2 

IMI4) 

(MM) 

30-5A-2-1C 

116. 

32.5 

33.5 

25.50 

3.30 

S 

3D-5A-2-2C 

116. 

32.3 

33.5 

25.57 

3.30 

S 

3D-SA'2-3C 

116. 

33.0 

32.5 

25.30 

3.30 

S 

3D-5A-2-4C 

116. 

32.5 

34.0 

25.34 

3.68 

S 

3D-SA>2-5C 

116. 

32.5 

33.5 

25.55 

3.30 

S 

30-SA-2-6C 

116. 

33.5 

33.0 

25.52 

3.30 

S 

3D-SA-2-7A 

294. 

33.3 

32.8 

25.58 

3.68 

$ 

3D-5A-2-8A 

294. 

33.0 

32.8 

25.44 

3.30 

S 

30-5A-2-9A 

294. 

32.5 

33.8 

25.53 

3.30 

S 

3D-5A-2-10A 

294. 

32.8 

33.5 

25.50 

3.30 

S 

3D-5A-2-11A 

294. 

33.8 

32.5 

25.60 

3.68 

S 

3D-5A-2-12A 

294. 

33.8 

32.3 

25.53 

3.68 

S 

3D-5A-2-13H 

561 . 

32.5 

33.5 

25.61 

3.30 

S 

3D-5A-2-14H 

561. 

32.8 

33.0 

25.53 

3.30 

s 

3D-5A-2-15H 

561 . 

32.8 

33.3 

25.56 

3.30 

s 

3D-5A-2-16H 

561. 

32.8 

33.5 

25.54 

3.68 

s 

3D-5A-2-17H 

561 . 

33.5 

32.5 

25.52 

3.30 

s 

3D-5A-2>18H 

561 . 

33.3 

32.8 

25.57 

3.68 

s 

3D-6A-2-1C 

116. 

33.8 

33.5 

25.46 

2.31 

s 

3D-6A-2-2C 

116. 

33.5 

33.5 

25.47 

2.31 

s 

3D-6A-2-3C 

116. 

33.3 

33.3 

25.57 

2.31 

s 

3D-6A-2-4C 

116, 

33.5 

33.3 

25.56 

2.31 

s 

3D-6A-2-5C 

116. 

33.3 

33.8 

25.54 

2.31 

s 

3D-6A-2-7C 

116. 

33.5 

33.5 

25.46 

2.31 

s 

30-6A-2-8A 

294. 

33.8 

33.5 

25.43 

2.31 

s 

3D-6A-2-9A 

294. 

33.8 

33.3 

25.51 

2.31 

s 

3D-6A-2-10A 

294. 

33.8 

33.5 

25,41 

2.31 

s 

30-6A-2-I1A 

294. 

33.3 

33.8 

25.48 

2.29 

s 

3D-6A-2-12A 

294. 

34.0 

33.0 

25.52 

2.29 

s 

3D-6A-2-13A 

294. 

33.5 

33.5 

25.49 

2.29 

s 

3D-6A-14H 

561 . 

33.8 

33.3 

25.55 

2.31 

s 

3D-6A-15H 

561. 

33.5 

33.5 

25.55 

2.31 

s 

3D-6A-16II 

561 . 

33.5 

33.8 

25.32 

2.31 

s 

3D-eA-17H 

561 . 

33.5 

33.3 

25.42 

2.31 

s 

3D-6A-I8H 

561 . 

33.3 

33.5 

25,37 

2.31 

$ 

3D-6A-19H 

561 . 

33.3 

33.8 

25.40 

2.03 

s 


ADHEREND AVERAGE 


LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

CODE« 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

1 

2 

. 1 

2 

(KN) 

(MPA) 

(MPA) 


C 

N 

1 .841 

3.683 

15.346 

9.112 

524. 

0.312 

C 

N 

1.841 

3.663 

15.391 

9.151 

524. 

0.312 

C 

N 

1 .841 

3.683 

17.170 

10.357 

524. 

0.352 

C 

N 

1 .841 

3.683 

15.969 

9.471 

524. 

0.327 

C 

N 

1 .841 

3.683 

16.681 

9.885 

524. 

0.338 

C 

N 

1 .841 

3.683 

16.014 

9 .430 

524. 

0.325 

C 

N 

1.841 

3.683 

13.567 

8.030 

524. 

0.275 

C 

N 

1 .841 

3.683 

13.612 

8.134 

524. 

0.277 

C 

N 

1.841 

3.683 

15.213 

8.988 

524. 

0.309 

c 

N 

1 .841 

3.683 

17.615 

10.420 

524. 

0.358 

c 

N 

1 .841 

3.683 

14.902 

8.779 

524. 

0.302 

c 

N 

1.841 

3.683 

14.412 

8.547 

524. 

0.292 

c 

N 

1.841 

3.683 

21.574 

12.758 

524. 

0.436 

c 

N 

1.841 

3.683 

22.241 

13.243 

524. 

0.451 

c 

N 

1.841 

3.683 

20.239 

11.990 

524. 

0.410 

c 

N 

1.841 

3.683 

21.663 

12.793 

524. 

0.439 

c 

N 

1.841 

3.683 

20.818 

12.351 

524. 

0.423 

c 

N 

1 .841 

3.683 

18.949 

11.224 

524. 

0.384 

A 

G 

1 .727 

2.311 

1 1 .632 

6.787 

524. 

0.377 

A 

G 

1 .727 

2.311 

7.340 

4.297 

524. 

0.238 

A 

G 

1.727 

2.311 

7.784 

4.575 

524. 

0.251 

A 

Q 

1.727 

2.311 

10.453 

6.122 

524. 

0.338 

A 

Q 

1 .727 

2.311 

12.121 

7.078 

524. 

0.392 

A 

Q 

1 .727 

2.311 

8.118 

4.755 

524. 

0.263 

A 

Q 

1 .727 

2.311 

7.406 

4.326 

524. 

0.240 

A 

G 

1 .727 

2.31 1 

8.741 

5.109 

524. 

0.283 

A 

G 

1.727 

2.311 

7.295 

4.266 

524. 

0.237 

A 

G 

1.727 

2.311 

7.718 

4.517 

524. 

0.250 

A 

0 

1 .727 

2.311 

11.054 

6.458 

524. 

0.3.'i8 

A 

G 

1 .727 

2.311 

10.186 

5.960 

524. 

0.330 

A 

G 

1 .727 

2.311 

12.055 

7.035 

524. 

0.3P0 

A 

G 

1.727 

2.311 

8.674 

5.062 

524. 

0.280 

A 

G 

1.727 

2.311 

8.674 

5,090 

524. 

0.283 

A 

G 

1 .727 

2.311 

11 .476 

6.758 

524. 

0.373 

A 

G 

1.727 

2.311 

10.498 

6.193 

524. 

0.342 

A 

Q 

1.727 

2.31 1 

7.562 

4.440 

524. 

0.246 


Ca) 

fs> 



TABLE B-2 CONTINUED 
lA) SI UNITS 

LAP ADHEREND AVERAGE 




LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (MM) 

WIDTH 

LENGTH 

CODEM 

CODE + 

(MT4) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(K) 

1 

2 

(MM) 

(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


5D-7A-2-1A 

294. 

34.0 

33.3 

25.40 

5.33 

$ 

J 

P 

3.302 

6.629 

18.972 

11.097 

524. 

0.215 

3D«7A-2-2A 

294. 

34.0 

33.8 

25.38 

5.33 

S 

J 

P 

3.302 

6.629 

16.414 

9.530 

524. 

0.166 

3D-7A-2-3A 

294. 

33.3 

34.0 

25.46 

5.33 

S 

J 

P 

3.302 

6.629 

16.325 

9.527 

524. 

0.185 

3D-7A-2-4A 

294. 

33.3 

34.0 

25.47 

5.59 

S 

J 

P 

3.302 

6.629 

9.341 

5.449 

524. 

0.106 

3D-7A-2-5A 

294. 

33.3 

34.0 

25.48 

5.33 

S 

J 

P 

3.302 

6.629 

17.659 

10.298 

524. 

0.200 

3D-7A*2-6A 

294. 

34.0 

33.5 

25.49 

5.33 

S 

J 

P 

3.302 

6.629 

15.480 

8.987 

524. 

0.175 

3D-7A-2-7H 

561 . 

33.5 

33.8 

25.48 

5.33 

S 

J 

P 

3.302 

6.629 

18.262 

10.661 

524. 

0.207 

3D-7A-2-8H 

561 . 

33.8 

33.5 

25.51 

5.59 

S 

J 

P 

3.302 

6.629 

14.368 

8.368 

524, 

0.162 

3D-7A-2-9H 

561 . 

33.3 

34.0 

25.53 

5.33 

S 

3 

P 

3.302 

6.629 

19.661 

11.443 

524. 

0.222 

30-7A-2-10H 

561. 

33.5 

34.0 

25.53 

5.33 

S 

J 

P 

3.302 

6.629 

17.526 

10.162 

524. 

0.198 

3D-7A-2«11H 

561. 

33.5 

33.8 

25.46 

5.33 

S 

J 

P 

3.302 

6.629 

17.259 

10.070 

524. 

0.195 

3D-7A-2-12H 

561 . 

33.8 

34.0 

25.54 

5.08 

S 

J 

P 

3.302 

6.629 

19.261 

11.121 

524. 

0.217 

3F-1A-2-1A 

294. 

34.0 

33.5 

25.41 

4,57 

T 

J 

P 

3.327 

6.655 

17.793 

10.365 

524. 

0.201 

3F-1A-2-2A 

294. 

35.3 

32.8 

25.50 

4.06 

T 

J 

P 

3.327 

6.655 

19.038 

10.966 

524. 

0.214 

3F-1A-2-3A 

294. 

33,0 

35.3 

25.41 

4.06 

T 

J 

P 

3.327 

6.655 

21 .574 

12.427 

524. 

0.243 

3F-1A-2-4A 

294. 

34.0 

32.8 

25.47 

4.83 

T 

J 

P 

3.327 

6.655 

21 .974 

12.913 

524. 

0.247 

3F-1A-2-5A 

294. 

35.1 

33.0 

25.45 

4.32 

T 

J 

P 

3.327 

6.655 

18.594 

10.733 

524. 

0.210 

3F-1A-2-6A 

294. 

35.1 

32.8 

25.53 

4.06 

T 

J 

P 

3.327 

6.655 

16.280 

9.403 

524. 

0.183 

3F-1A-2-7H 

561. 

35.1 

34.0 

25.51 

4.00 

T 

J 

P 

3.327 

6.655 

19.261 

10.928 

524. 

0.217 

3F-1A-*2-8H 

561 . 

34.5 

33.0 

25.48 

4.06 

T 

J 

P 

3.327 

6.655 

18.949 

11 ,007 

524. 

0.213 

3F-1A-2-9H 

561 . 

34.8 

33.5 

25.46 

4.06 

T 

J 

P 

3.327 

6.655 

18.238 

10.484 

524. 

0.205 

3F-1A-2-10H 

561 . 

34.5 

33.3 

25.51 

4.32 

T 

J 

P 

3.327 

6.655 

19.216 

1 1 .106 

524. 

0.216 

3F-1A-2-11H 

561 . 

35.1 

33.0 

25.49 

4.06 

T 

J 

P 

3.327 

6.655 

18.905 

10.897 

524. 

0.213 

3F-1A-2-12H 

561 . 

33.0 

35.1 

25.47 

4.57 

T 

J 

P 

3.327 

6.655 

19.528 

11 .261 

524. 

0.220 

3E>1A<2>1C 

116. 

20.1 

20.3 

25.15 

3.30 

S 

A 

T 

1 .524 

1.600 

14.056 

13.841 

924. 

0.378 

3E->1A-2-2C 

116. 

20.3 

19.0 

25.15 

4.32 

S 

A 

T 

1 .524 

1.600 

13.300 

13.435 

924. 

0.358 

3E-1A-2-3C 

116. 

20.3 

19.6 

25.40 

3.81 

S 

A 

T 

1.524 

1 .600 

12.811 

12.648 

924. 

0.341 

3E-1A-2-4C 

116. 

20.3 

20.8 

24.38 

2.29 

S 

A 

T 

1.524 

1 .600 

11.032 

10.995 

924. 

0.306 

3E-1A-2-5C 

116. 

20.3 

20.3 

25.15 

2.79 

S 

A 

T 

1.524 

1 .600 

11.121 

10.882 

924. 

0.299 

3E-1A-2-6C 

116. 

20.3 

20.3 

25.(5 

2.54 

s 

A 

T 

1.524 

1 .600 

11.877 

11.622 

924. 

0.319 

3E-1A-2-7A 

294. 

20.3 

19.6 

25.15 

3.56 

s 

A 

T 

1.524 

1 .600 

18.949 

18.897 

924. 

0.510 

3E-1A-2-8A 

294. 

20.3 

20.1 

25.40 

3.05 

S 

A 

T 

1.524 

1 .600 

18.594 

18.126 

924. 

0.495 

3E-1A-2-9A 

294. 

20.1 

20.1 

25.40 

3.56 

s 

A 

T 

1.524 

1 .600 

18.149 

17.804 

924. 

0.483 

3E-1A*2-10A 

294. 

20.1 

20.1 

25.40 

3.81 

s 

A 

T 

1.524 

1 .600 

17.526 

17.193 

924. 

0,46/ 

3E-1A-2-11A 

294. 

20.3 

20.3 

25.15 

3.81 

s 

A 

T 

1.524 

1.600 

18.683 

18.282 

924. 

0.503 

3E-1A-2-12A 

294. 

20.3 

20.1 

25.40 

3.81 

s 

A 

T 

1.524 

1.600 

17.526 

17,085 

924. 

0.467 


u>> 
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TABLE B>2 CONTINUED 
(A) SI UNITS 








LAP 






ADHEREND 


AVERAGE 





LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (MM) 

WIDTH 

LENGTH 

CODEN 

C0DE« 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

nutMDtn 

IK) 

1 

2 

(MM) 

(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


3E-1A-2-13H 

$61 . 

20.1 

20.1 

25.15 

3.81 

S 

A 

T 

1.524 

1 .600 

18.104 

17.940 

924. 

0.487 

3E-1A-2-14H 

$61 . 

20.6 

20.3 

25.15 

2.79 

S 

A 

T 

1.524 

1 .600 

17.926 

17.433 

924 . 

0.482 

3E")A"2*1 5H 

$61 . 

20.1 

19.8 

25.40 

3.81 

S 

A 

T 

1.524 

1 .600 

18.282 

18.049 

924. 

0.487 

3E-lA>2-t6H 

$61 . 

19.8 

20.8 

24.89 

2.79 

S 

A 

T 

1.524 • 

1 .600 

16.770 

16.682 

924. 

0.456 

3E-1A-2-17H 

$61 . 

20.6 

20.1 

25.15 

3.81 

S 

A 

T 

1.524 

1 .600 

17.215 

16.845 

924. 

0.463 

3E-1A-2-18H 

$61 . 

20.3 

20.3 

24.89 

3.05 

S 

A 

T 

1.524 

1 .600 

16.814 

16.621 

924. 

0.457 

3E-2A-2-1C 

116. 

45.7 

45.5 

25.15 

3.05 

S 

C 

T 

1.524 

1 .600 

14.501 

6.324 

924. 

0.390 

3E-2A-2-2C 

116. 

4$ . $ 

45.5 

25.40 

3.56 

S 

C 

T 

1.524 

1.600 

17.348 

7.511 

924. 

0.4G2 

3E-2A-2-3C 

116. 

4S.$ 

45.5 

24.89 

2.79 

S 

C 

T 

1.524 

1.600 

16.103 

7.114 

924. 

0.438 

3E-2A-2-4C 

A P* A A f% A A 

116. 

45.7 

45.7 

25.65 

2.79 

S 

C 

T 

1.524 

1 . 600 

14.234 

6.068 

924. 

0.375 

3E-2A-2-5C 

116. 

45.7 

45.7 

25.65 

2.54 

S 

C 

T 

1.524 

1 .600 

17.437 

7.433 

924. 

0.460 

SEoBA-B-BC 

116. 

45 . 5 

45.7 

25.15 

3.05 

S 

C 

T 

1.524 

1.600 

16.859 

7.352 

924. 

0.453 

3E-2A-2-TA 

A t" A A A A A 

294. 

45.7 

45.5 

25.40 

3.05 

S 

C 

T 

1 .524 

1.600 

16.814 

7.260 

924. 

0.448 

3E*2A"2 •SA 

294. 

4$ . S 

45.5 

25.40 

3.56 

S 

C 

T 

1.524 

1.600 

15.391 

6.664 

924. 

0.410 

3E-2A-2-9A 

294. 

45.2 

45.5 

25.40 

2.79 

S 

C 

T 

1.524 

1 .600 

18.460 

8.015 

924. 

0.492 

3E-2A-2-10A 

294. 

45.7 

45.5 

25.15 

3.05 

S 

c 

T 

1.524 

1.600 

16.636 

7.255 

924. 

0.447 

3E-2A~2*>1 lA 

294. 

46.0 

45.5 

25.40 

3.30 

S 

c 

T 

1.524 

1 .600 

19.661 

8.465 

924. 

0.524 

3E-2A-2-1 2A 

294. 

45.2 

45.7 

25.15 

2.79 

S 

c 

T 

1.524 

1.600 

15.257 

6.673 

924. 

0.410 

3E-2A-2-13H 

4t? AA A 

$61 . 

46.0 

45.7 

25.15 

2.29 

S 

c 

T 

1.524 

1.600 

24.688 

10.707 

924. 

0.664 

3E-2A-2-14H 

4Ef AA A AJita 

$61 . 

45 . 7 

45.2 

25.65 

3.05 

s 

c 

T 

1.524 

1.600 

25.844 

11.079 

924. 

0.681 

3E-2A-2-1 SH 

AA AA A AAia 

$61 . 

4$ . 7 

45.2 

25.40 

2.79 

s 

c 

T 

1.524 

1 .600 

23.398 

10.130 

924. 

0.623 

3E-2A-2-1 6H 

AA A A*A11 

$61 . 

4$ . 5 

45.7 

25.65 

2.79 

s 

c 

T 

1.524 

1 .600 

22.997 

9.831 

924. 

0.606 

3E-2A-2-1 7H 

AA AA A AAta 

$61 . 

45.7 

45.5 

25.40 

2.54 

s 

c 

T 

1.524 

1 .600 

23.398 

10.102 

924. 

0.623 

3E*>2A-2-18K 

$61 . 

45 . $ 

45.5 

25.40 

3.05 

s 

c 

T 

1.524 

1 .600 

7.429 

3.216 

924. 

0.198 

3E-1B-2-1C 

AC 4 A A A A 

116. 

45.5 

45.5 

24.89 

2.79 

s 

A 

T 

1.524 

1 .600 

9.074 

4.009 

924. 

0.247 

3E-I B-2-2C 

AC 4 A A A A 

116. 

45.2 

45.5 

25.15 

3.30 

s 

A 

T 

1.524 

1 .600 

11.699 

5,131 

924. 

0.315 

3E-I B-2-3C 

AC 4 B A A A 

116. 

45 . S 

45.5 

25.15 

2.79 

s 

A 

T 

1.524 

1 .600 

7.651 

3.346 

924. 

0.206 

3E-1 B-2-4C 

AC 4 B A f A 

116. 

45 . 7 

45.2 

25.40 

2.54 

s 

A 

T 

1.524 

1 .600 

7.206 

3.120 

924. 

0.102 

3E-1B-2-OC 

'AC 4 tfe A A 

116. 

4$ . $ 

45.7 

25.15 

3.05 

s 

A 

T 

1.524 

1 .600 

9.206 

4.016 

924. 

0.248 

3E“1 B“2”6Ci 

116 . 

46.0 

45.2 

25.15 

2.54 

s 

A 

T 

1.524 

1 .600 

8.274 

3.608 

624. 

0.223 

3E-1B-2-7A 

AC 4 ffe A A A 

294. 

45.0 

45.7 

25.40 

3.05 

s 

A 

T 

1.524 

1.600 

18.594 

8.073 

924. 

0.49 5 

3E* 1 B*2‘*$A 

AC 4 A A M s 

294 . 

4$ . $ 

45.0 

25.15 

3.05 

s 

A 

T 

1.524 

1 .600 

13.389 

5.888 

924. 

0.360 

3E" 1 B‘’2'*9A 

AC 4B A AAA 

294. 

46.0 

45.7 

24.89 

1 .78 

s 

A 

T 

1.524 

1 .600 

12.989 

5.691 

924. 

0.353 

3E-1 B-2-10A 

AF* 4n A Aaa 

294. 

45.0 

45.5 

25.65 

3,05 

s 

A 

T 

1.524 

1 .600 

14.457 

6.232 

924. 

0.3<»1 

3fc-lB-2-1 1A 

AC 4 A A ^ A A 

294. 

45.5 

45.5 

25.40 

2.79 

s 

A 

T 

1.524 

1.600 

15.124 

6.540 

624. 

0.403 

3E-1 B-2-12A 

294. 

4$ .7 

45.2 

25.65 

2.79 

s 

A 

T 

1.524 

1 .600 

11.521 

4.939 

924. 

0.304 


Ca> 



TABLE B-2 CONTINUED 
(A) SI UNITS 




LAP 






ADHEREND 


AVERAGE 





LENQTHS 

LAP 

QAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE 

(MM) 

WIDTH 

LENGTH 

CODEN 

CODE* 

(I3M) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(K) 

1 

2 

(MM) 

(Ml^) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


3E-1B-2-13II 

361 . 

45.5 

45.7 

25.65 

2.54 

S 

A 

T 

1.524 

1.600 

23.576 

10.078 

924. 

0.622 

3E-1B»2<14H 

S61 . 

45.2 

45.2 

25.40 

3.05 

S 

A 

T 

1 .524 

1 .600 

23 .665 

10.303 

924. 

0.630 

3E-1B-2>1SH 

561 . 

45.0 

46.0 

25.40 

2.79 

S 

A 

T 

1.524 

1 .600 

22.375 

9,687 

924. 

0.596 

3E-1B-2-16H 

561 . 

45.7 

45.5 

25.65 

2.79 

S 

A 

T 

1.524 

1.600 

23.620 

10.097 

924. 

0.623 

3E-1B-2-17H 

561 . 

45.2 

45.2 

25.15 

3 .05 

S 

A 

T 

1.524 

1 .600 

21 .440 

9.429 

924. 

0.577 

3E-1B>2-18H 

561 . 

45.7 

45.0 

25.15 

2.54 

S 

A 

T 

1.524 

1.600 

24.821 

10.886 

924. 

0.668 


CONFIQURATION CODE 

S : STANDARD 
T 3 TAPERED ADHEREND 

LAYUP CODE 

A s C0,t/-45.90]3S 
B 3 (0.«/-4S,0(3n2S 
C 3 C«/-45.0.90]3S 
D 3 [0(3) ,t/*45(3) ,0(3)]S 
E 3 [0,«/-4S.90]2S 


0 3 [0.+/-45.9014S 
H 3 [0,*/-45.90]5S 
J 3 [0,+/-45,90]6S 
K 3 [0,t4S,0(2) ,~4$,0125 
L 3 [0,«45.0(2) .-45.014S 


M 3 [0(3) ,«/-45(3) ,90(3)]2S 
N 3 [*/-45,0,90]6S 
P 3 [0.+/-45,90112S 
T 3 TITANIUM 



TABLE B-2 CONTINUED 
(B) US CUSTOMARY UNITS 




LAP 






AOHEREND 


AVERAGE 





LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (IN) 

WIDTH 

LENGTH 

CODEtt 

CODE* 

( IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(F) 

1 

2 

(IN) 

( IN) 


1 

2 

. 1 

2 

(LBS) 

(PSD 

(K.SI) 


3D-1A-2-1C 

-250. 

0.81 

0.84 

1 .005 

0.05 

S 

E 

Q 

0.046 

0.092 

2960. 

1785. 

76. 

0.421 

3D-1A-2-2C 

-250. 

0.82 

0.82 

1 .002 

0.05 

S 

E 

Q 

0.046 

0.092 

2715. 

1653. 

76. 

0.388 

30-1A-2-3C 

-250. 

0.81 

0.83 

1 .003 

0.05 

S 

E 

G 

0.046 

0.092 

2215. 

1346. 

76. 

0.316 

3D-1A-2-4C 

-250. 

0.83 

0.82 

1 .004 

0.05 

S 

E 

Q 

0.046 

0.092 

2640. 

1593 . 

76. 

0.376 

3D-1A-2-SC 

-250. 

0.87 

0.77 

0.998 

0.05 

S 

E 

G 

0.046 

0.092 

1845. 

1127. 

76. 

0.264 

3D-1A-2-6C 

-250. 

0.78 

0.87 

1 .006 

0.05 

S 

E 

Q 

0.046 

0.092 

2720. 

1639. 

76. 

0.387 

3D-1A-2-7A 

70. 

0.88 

0.76 

1 .005 

0.05 

S 

E 

Q 

0.040 

0.092 

2060. 

1249. 

76. 

0.293 

3D-1A-2-8A 

70. 

0.80 

0.82 

1 .003 

0.05 

S 

E 

G 

0.046 

0.092 

1920. 

1182. 

76. 

0.274 

3D-1A-2-9A 

70.. 

0.76 

0.86 

1 .002 

0.05 

s 

E 

G 

0.046 

0.092 

2010. 

1238. 

76. 

0.287 

30-tA-2-10A 

70. 

0.82 

0.80 

1 .001 

0.05 

s 

E 

Q 

0.046 

0.092 

1958. 

1207. 

70. 

0.280 

3D*1A-2-11A 

70. 

0.81 

0.84 

1 .001 

0.05 

$ 

E 

G 

0.046 

0.092 

2164. 

1310. 

70 . 

0.309 

3D-IA-2-12A 

70. 

0.81 

0.82 

1 .003 

0.05 

s 

E 

Q 

0.046 

0.092 

2038. 

1247. 

76. 

0.291 

3D-1A-2-13H 

550. 

0.81 

0.83 

1 .005 

0.05 

s 

E 

G 

0.046 

0.092 

2520. 

1529. 

76 . 

0.359 

30-1A-2-14H 

550. 

0.88 

0.76 

1 ,003 

0.05 

s 

E 

G 

0.046 

0.092 

2260. 

1374. 

76. 

0.322 

3D-1A-2-1SH 

550. 

0.78 

0.88 

1 .002 

0.05 

$ 

E 

G 

0.046 

0.092 

1950. 

1172, 

76. 

0.270 

3D*1A-2-16H 

550. 

0.87 

0.75 

1 .005 

0.05 

5 

E 

G 

0.046 

0.092 

3230. 

1984. 

76. 

0.460 

3D-1A-2-17H 

550. 

0.82 

0.84 

1 .003 

0.05 

s 

E 

G 

0.046 

0.092 

2350. 

1412. 

76 . 

0.335 

3D-1A-2-18H 

550. 

0.88 

0.77 

1 .005 

0.05 

s 

E 

Q 

0.046 

0.092 

2900. 

1749. 

76. 

0.413 

3D-1B-2-1C 

-250. 

1 .29 

1 .30 

1 .000 

0.05 

5 

E 

Q 

0.045 

0.090 

2500. 

965. 

76. 

0.365 

30-1B-2-2C 

-250. 

1 .31 

1.30 

0.995 

0.05 

S 

E 

G 

0.045 

0.090 

2260. 

870. 

76, 

0.332 

3D-1B-2-3C 

-250. 

1 .28 

1.31 

0.999 

0.05 

S 

E 

G 

0.045 

0.090 

2535. 

980. 

76. 

0.371 

3D>1B-2-4C 

-250. 

1.30 

1.29 

1 .003 

0.05 

S 

E 

G 

0.045 

0.090 

2250. 

866. 

76 . 

0.328 

3D-1B-2-5C 

-250. 

1.28 

1 .34 

1 .001 

0.05 

S 

E 

Q 

0.045 

0.090 

2170, 

827. 

76 . 

0.317 

3D-1B-2-6C 

-250. 

1.28 

1.33 

1 .002 

0.05 

S 

E 

G 

0.045 

0.090 

2420. 

925. 

76. 

0.353 

3D-1B-2-7A 

70. 

1 .28 

1.31 

1 .005 

0.06 

5 

E 

G 

0.045 

0.090 

1854. 

712. 

76 . 

0.270 

3D-1B-2-8A 

A h 4 n M 4k 4 

70. 

1 .28 

1 .33 

0.998 

0.05 

S 

E 

G 

0.045 

0.090 

2307. 

885. 

76. 

0.338 

3D-1B-2-9A 

70. 

1 .30 

1.30 

1 .003 

0.05 

s 

E 

G 

0.045 

0.090 

2236 . 

857 . 

76 . 

0.326 

3D**1 B”2“1 OA 

70. 

1.26 

1 .33 

1 .004 

0.05 

s 

E 

Q 

0.045 

0.090 

2690. 

1034. 

76. 

0.392 

3D-1B-2-I 1A 

70. 

1.31 

1.30 

0.999 

0.05 

S 

E 

G 

0.045 

0.090 

2230. 

855. 

76. 

0.326 

30-1B-2-12A 

70. 

1 .30 

1.30 

0.999 

0.04 

S 

E 

G 

0.045 

0.090 

1995. 

768. 

76. 

0.292 

3D-1B-2-13H 

550, 

1 .30 

1 .31 

1.000 

0.05 

S 

E 

G 

0.045 

0.090 

2340. 

897. 

76. 

0.342 

3D**1 B“2”l 4H 

550 , 

1.35 

1.28 

1 .002 

0.05 

s 

E 

G 

0.045 

0.090 

3140. 

1191 . 

76. 

0.456 

3D-1B-2-15H 

550. 

1 .26 

1 .35 

1 .005 

0.05 

s 

E 

G 

0.045 

0.090 

1930. 

736. 

76 . 

0.281 

30-1B-2-16H 

550 . 

1 .27 

1 .34 

1.000 

0.05 

s 

E 

G 

0.045 

0.090 

3250. 

1246. 

76. 

0.475 

30-1 B-2-17H 

550. 

1 .35 

1 .28 

1.005 

0.04 

s 

E 

G 

0.045 

0.090 

2500. 

946 . 

76 . 

0.364 

3D-1B-2-18H 

550. 

1 .27 

1.35 

1 .004 

0.05 

s 

E 

G 

0.045 

0.090 

2520. 

958 . 

76 . 

0.3C7 



TABLb* B-2 CONTINUED 
(B) US CUSTOMARY UNITS 

LAP ADHEREND AVERAGE 




LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (IN) 

WIDTH 

LENGTH 

CODEN 

CODE« 

(IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(F) 

1 

2 

(IN) 

(IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSI) 


3D-1C-2-1C 

-250. 

1 .81 

1 .79 

1 .004 

0.05 

5 

E 

Q 

0.045 

0.091 

2145. 

594. 

76. 

0.309 

3D-1C-2-2C 

-250. 

1 .79 

1.80 

1 .002 

0.05 

S 

E 

Q 

0.045 

0.091 

2070. 

576. 

76. 

0.296 

3D-1C-2-3C 

-250. 

1 .79 

1.81 

1 .001 

0.05 

S 

E 

Q 

0.045 

0.091 

1645. 

457. 

76. 

0.238 

8D-1C-2-4C 

-250. 

1 .79 

1 .80 

0.995 

0.05 

S 

E 

Q 

0.045 

0.091 

1765. 

494. 

76. 

0.256 

3D-1C-2-5C 

-250. 

1 .79 

1.81 

1 .000 

0.05 

S 

E 

Q 

0.045 

0.091 

2780. 

772. 

76. 

0.402 

3D-1C-2-6C 

-250. 

1.79 

1.81 

0.997 

0.05 

S 

E 

Q 

0.045 

0.091 

1910. 

$32. 

70. 

0.277 

3D-1C-2-7A 

70. 

1.79 

1 .81 

1 .003 

0.05 

S 

E 

Q 

0.045 

0.091 

2590. 

718. 

76. 

0,373 

30-1C-2-8A 

70. 

1 .79 

1.81 

1 .003 

0.05 

S 

E 

Q 

0.045 

0.091 

1665. 

461 . 

76. 

0.240 

3D-1C-2-9A 

70. 

1 .79 

1 .81 

0.998 

0.05 

S 

E 

G 

0.045 

0.091 

2125. 

591 . 

76. 

0.308 

3D-1C-2-10A 

70. 

1.80 

1.81 

1.004 

0.05 

S 

E 

G 

0.045 

0.091 

2085. 

575. 

76. 

0.300 

3D-1C-2-11A 

70. 

1 .79 

1 .81 

0.999 

0.05 

S 

E 

G 

0.045 

0.091 

1905. 

530. 

76. 

0.276 

3D-1C-2-12A 

70. 

1 .78 

1.81 

1.006 

0.05 

S 

E 

G 

0.045 

0.091 

1680. 

465. 

76. 

0.242 

3D-lC-2-i3H 

550. 

1 .78 

1.81 

0.997 

0.05 

S 

E 

Q 

0.045 

0.091 

1700. 

475. 

70. 

0.246 

3D-1C-2-14H 

550. 

1 .79 

1 .81 

1 .003 

0.05 

S 

E 

G 

0.045 

0.091 

2325. 

644. 

76. 

0.335 

3D-1C-2-15H 

550. 

1 .79 

1.80 

1 .001 

0.05. 

S 

E 

G 

0.045 

0.091 

3555. 

990. 

76. 

0.514 

3D-1C-2-16H 

550. 

1 .80 

1 .80 

1 .003 

0.05 

S 

E 

Q 

0.045 

0.091 

2225. 

616. 

76. 

0.321 

3D-1C-2-17H 

$50. 

1.81 

1.78 

0.999 

0.05 

s 

E 

0 

0.045 

0.091 

1695. 

472. 

76. 

0.245 

3D-1C-2-18H 

550. 

1 .79 

1 .81 

0.999 

0.05 

s 

E 

Q 

0.045 

0.091 

1930. 

536. 

76. 

0.279 

3D-2A-2-1C 

-250. 

0.85 

0.80 

1 .012 

0.05 

s 

A 

J 

0.065 

0.131 

1875. 

1123. 

76. 

0.180 

3D-2A-2-2C 

-250. 

0.82 

0.80 

1 .010 

0.05 

s 

A 

J 

0.06$ 

0.131 

1850. 

1130. 

76. 

0.184 

3D-2A-2-3C 

-250. 

0.82 

0.79 

1 .008 

0.05 

s 

A 

J 

0.065 

0.131 

3815. 

2351 . 

76. 

0.380 

3D-2A-2-4C 

-250. 

0.79 

0.83 

1 .009 

0.05 

s 

A 

J 

0.065 

0.131 

2060. 

1261 . 

76. 

0.205 

3D-2A-2-SC 

-250. 

0.84 

0.79 

1 .013 

0.05 

s 

A 

J 

0.065 

0.131 

1965. 

1190. 

76. 

0.195 

3D-2A-2-6C 

-250. 

0.79 

0.82 

1.008 

0.05 

s 

A 

J 

0.065 

0.131 

1755. 

1082. 

76. 

0.175 

3D-2A-2-7A 

70. 

0.79 

0.84 

1 .008 

0.05 

s 

A 

J 

0.065 

0.131 

1925. 

1171 . 

76. 

0.192 

3D-2A-2-8A 

70. 

0.80 

0.79 

1 .000 

0.05 

s 

A 

J 

0.065 

0.131 

1800. 

1132. 

76. 

0.181 

3D-2A-2-9A 

70. 

0.83 

0.79 

1 .008 

0:05 

s 

A 

J 

0.065 

0.131 

2845. 

1743. 

70. 

0.284 

3D-2A-2-10A 

70. 

0.79 

0.81 

1.010 

0.05 

s 

A 

J 

0.065 

0.131 

1950. 

1207. 

76. 

0.194 

3D-2A-2-11A 

70. 

0.80 

0.79 

1 .010 

0.05 

s 

A 

J 

0.065 

0.131 

2105. 

1310. 

76. 

0.209 

3D-2A-2-12A 

70. 

0.79 

0.82 

1 .010 

0.05 

s 

A 

J 

0.065 

0.131 

3615. 

2224. 

76. 

0.360 

3D-2A-2-13H 

550. 

0.80 

0.79 

1 .005 

0.05 

s 

A 

J 

0.065 

0.131 

2467. 

1544. 

76. 

0.247 1 

3D-2A-2-14H 

550. 

0.80 

0.78 

1 .003 

0.05 

s 

A 

J 

0.065 

0.131 

2305. 

1455. 

76. 

0.231 

3D-2A-2>16H 

550. 

0.80 

0.83 

1 .005 

0.05 

s 

A 

J 

0.065 

0.131 

3029. 

1849. 

76. 

0.303 

3D-2A-2-17H 

550. 

0.79 

0.82 

1 .005 

0.05 

s 

A 

J 

0.065 

0.131 

4315. 

2665. 

70. 

0.431 

3D-2A-2-18H 

550. 

0.79 

0.82 

1.009 

0.05 

s 

A 

J 

0.065 

0.131 

2395. 

1475. 

76. 

0.238 





TABLE B-2 CONTINUED 
(B) US CUSTOMARY UNITS 




LAP 






ADHEREND 


AVERAGE 





LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (IN) 

WIDTH 

LENGTH 

CODER 

CODE* 

( IH) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

IF) 

1 

2 

(IN) 

( IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSI ) 


3D-2B>2-1C 

-250. 

1.34 

1 .33 

1 .004 

0.03 

S 

A 

J 

0.076 

0.153 

3720. 

1307. 

7f> . 

0.319 

3D-2B-2-2C 

-250. 

1 .34 

1 .33 

1 .004 

0.03 

S 

A 

J 

0.076 

0.153 

3800. 

1418. 

76. 

0.326 

3D-2B-2-3C 

-250. 

1 .34 

1.33 

1 .005 

0.03 

s 

A 

J 

0.076 

0.153 

3160. 

1178. 

76 . 

0.271 

30-2B-2-4C 

-250. 

1 .32 

1 .35 

1 .001 

0.02 

S 

A 

J 

0.076 

0.153 

3670. 

1373. 

76 . 

0.315 

3D-2B-2-5C 

-250. 

1 .34 

1.32 

1 .003 

0.03 

S 

A 

J 

0.076 

0.153 

3815. 

1430. 

76. 

0.327 

3D-2B-2-5C 

-250. 

1 .33 

1 .34 

1 .005 

0.03 

s 

A 

J 

0.076 

0.153 

3670. 

1367. 

76. 

0.314 

3D-2B-2-7A 

70. 

1 .34 

1 .33 

1.007 

0.03 

s 

A 

J 

0.076 

0.153 

3320. 

1234. 

76. 

0.283 

3D-2B-2-8A 

70. 

1 .35 

1.33 

1 .002 

0.03 

5 

A 

J 

0.076 

0.153 

3090. 

1151 . 

76 . 

0.265 

30-2B-2-8A 

70. 

1 .32 

1.35 

1 .006 

0.03 

s 

A 

J 

0.076 

0.153 

3490. 

1300. 

76 . 

0.298 

3D-2B-2-10A 

70. 

1 .34 

1 .32 

1 .004 

0.03 

S 

A 

J 

0.076 

0.153 

3545. 

1328 . 

76 . 

0.304 

3D-2B-2-1 1A 

70. 

1.34 

1.34 

1 .005 

0.03 

S 

A 

J 

0.076 

0.153 

3380. 

1254. 

76. 

0.289 

3D-2B-2-12A 

70. 

1.33 

1.34 

0.998 

0.03 

S 

A 

J 

0.076 

0.153 

3255 . 

1221 . 

76. 

0.280 

3D-2B-2-13H 

550. 

1 .36 

1.33 

1 .007 

0.02 

S 

A 

J 

0.076 

0.153 

2510. 

927. 

76. 

0.214. 

3D-2B-2-14H 

550. 

1 .34 

1.33 

1 .003 

0.02 

s 

A 

J 

0.076 

0.153 

3760. 

1404. 

78 . 

0.322 

3D-2B-2-15H 

550. 

1 .35 

1.33 

1 .003 

0.03 

s 

A 

J 

0.076 

0.153 

3100. 

1153. 

76 . 

0.266 

3D-2B-2-16H 

550. 

1 .34 

1.32 

1 .000 

0.03 

s 

A 

J 

0.076 

0.153 

3280. 

1233. 

76 . 

0.282 

3D"2B“2”1 7H 

550 . 

1.33 

1 .34 

0.997 

0.03 

s 

A 

J 

0.076 

0.153 

2780. 

1044. 

76 . 

0.240 

3D-2B-2-13H 

550. 

1 .34 

1.33 

1 .004 

0.03 

s 

A 

J 

0.076 

0.153 

3470. 

1294. 

76. 

0.297 

3D-2C-2-1C 

ii n A A A A A 

-250. 

1 .81 

1.81 

1 .004 

0.09 

s 

A 

J 

0.068 

0.136 

3660. 

1007 . 

76. 

0.353 

3D-2C-2-2C 

-250. 

1 .81 

1.80 

1 .002 

0.10 

s 

A 

J 

0.068 

0.136 

2820. 

780. 

70 . 

0.272 

3D-2C-2'3C 

-250. 

1.81 

1.83 

1 .000 

0.10 

s 

A 

J 

0.068 

0.136 

2280. 

626. 

76. 

0.221 

3D-2C-2-4C 

-250. 

1 .82 

1 .80 

1 .002 

0.09 

s 

A 

J 

0.068 

0.136 

3490. 

962. 

76 . 

0,337 

3D-2C-2-5C 

An A A A A A 

-250. 

1.82 

1 .81 

1 .003 

0.10 

s 

A 

J 

0.068 

0.136 

4210. 

1156. 

76 . 

0.406 

3D-2C-2-6C 

-250. 

1 .81 

1.81 

0.998 

0.10 

s 

A 

J 

0.068 

0.136 

3970. 

1099. 

76. 

0.385 

3D-2C-2-7A 

An A A A A A 

70. 

1.82 

1.81 

1 .002 

0.10 

s 

A 

J 

0.068 

0.136 

3990. 

1097 . 

76. 

0.385 

3D-2C-2-8A 

An A n A A A 

70. 

1 .82 

1.81 

1 .002 

0.10 

s 

A 

J 

0.068 

0.136 

4370. 

1201 . 

76. 

0.422 

3D-2C-2-9A 

70. 

1 .82 

1.81 

1 .001 

0.10 

s 

A 

J 

0.068 

0.136 

3020. 

831 . 

76. 

0.292 

3D-2C-2-10A 

An AAA 

70. 

1 .81 

1.81 

1.001 

0.10 

s 

A 

J 

0.068 

0.136 

3000. 

828 . 

76. 

0.290 

3D-2C-2-1 1A 

An A A A A A a 

70. 

1 .81 

1 .82 

0.999 

0.10 

s 

A 

J 

0.068 

0.136 

4180. 

1153. 

76. 

0.405 

3D-2C-2-1 2A 

70. 

1 .80 

1.81 

1 .001 

0.10 

s 

A 

J 

0.068 

0.136 

2530. 

700. 

76. 

0.245 

3D-2C-2-13H 

An A A -A a Atm 

550. 

1.31 

1.82 

1.001 

0.10 

s 

A 

J 

0.068 

0.136 

4100. 

1128. 

76. 

0.396 

3D"2C**2“1 4H 

550. 

1.82 

1.81 

1 .004 

0.10 

s 

A 

J 

0.008 

0.136 

3020. 

829. 

70. 

0.291 

3D-2C-2-1 SH 

550. 

1 .82 

1 .80 

1 .002 

0.10 

s 

A 

J 

0.068 

0.136 

4540. 

1252. 

76. 

0.433 

3D-2C-2-1GH 

550 . 

1 .81 

1.81 

1 .000 

0.10 

s 

A 

J 

0.068 

0.136 

3760. 

1039. 

76 . 

0.364 

3D-2C-2-17H 

550. 

1 .82 

1.80 

1 .001 

0.10 

s 

A 

J 

0.068 

0.136 

4450. 

1228. 

70. 

0.430 

3D-2C-2-18H 

550. 

1.82 

1.81 

1.002 

0.10 

s 

A 

J 

0.068 

0.136 

3960. 

1089. 

76. 

0.382 



TABLE B-2 CONTINUED 
(B) US CUSTOMARY UNITS 


LAP AOHEREND AVERAGE 




LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JO JUT 


JOINT 

SPECIMEN TEMPERATURE (IN) 

WIDTH 

LENGTH 

CODEit 

CODE* 

( 1 

IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(F) 

1 

2 

(IN) 

(IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSI J 


3D-3A-2-1C 

<250. 

1.31 

1.33 

1 .002 

0.08 

S 

K 

L 

0.066 

0.132 

3665. 

1385. 

141 . 

0.196 

30-3A-2-2C 

-250. 

1 .31 

1.31 

1 .001 

0.09 

S 

K 

L 

0.066 

0.132 

3655. 

1393. 

141 . 

0.196 

3D-3A-2-3C 

-250. 

1.32 

1 .33 

1 .004 

0.08 

S 

K 

L 

0.066 

0.132 

3860. 

1451 . 

141 . 

0.207 

3D-3A>2-4C 

-250. 

1 .34 

1.31 

1 .000 

0.08 

S 

K 

L 

0.066 

0.132 

3300. 

1245. 

141 . 

0.177 

3D-3A-2-5C 

r2S0. 

1 .34 

1 .31 

1 .002 

0.08 

S 

K 

L 

0.066 

0.132 

3200. 

1205. 

141 . 

0.172 

3D-3A-2-6C 

-250. 

1.34 

1.31 

1 .005 

0.08 

S 

K 

L 

0.066 

0.132 

3910. 

1468. 

141. 

0.209 

3D-3A-2-7A 

70. 

1 .34 

1 .31 

1 .002 

0.08 

S 

K 

L 

0.066 

0.132 

3960. 

1492. 

141 . 

0.212 

3D-3A-2-8A 

70. 

1 .34 

1.31 

0.998 

0.08 

S 

K 

L 

0.066 

0.132 

3660. 

1383. 

141 . 

0.197 

3D-3A-2-9A 

70. 

1 .34 

1.31 

0.997 

0.08 

S 

K 

L 

0.066 

0.132 

3450. 

1305. 

141 . 

0.186 

30-3A-2-10A 

70. 

1 .34 

1.31 

1 .003 

0.08 

S 

K 

L 

0.066 

0.132 

3575. 

1345. 

141 . 

0.192 

3D-3A-2-11A 

70. 

1 .34 

1.31 

1.005 

0.08 

S 

K 

L 

0.066 

0.132 

3660. 

1374. 

141 . 

0.1^96 

3D-3A-2-12A 

70. 

1 .32 

1.32 

1 .003 

0.09 

S 

K 

L 

0.066 

0.132 

3730. 

1408. 

141 . 

0.200 

3D-3A-2-13H 

550. 

1.32 

1 .32 

1 .005 

0.09 

S 

K 

L 

0.086 

0.132 

5450. 

2054. 

141 . 

0.291 

3D-3A-2-14H 

550. 

1 .34 

1 .31 

1 .005 

0.08 

S 

K 

L 

0.066 

0.132 

5210. 

1957. 

141 . 

0.279 

3D-3A-2*15H 

550. 

1 .34 

1.31 

0.994 

0.08 

5 

K 

L 

0.066 

0.132 

6380. 

2422. 

141 . 

0.345 

3D-3A-2-17H 

550. 

1 .33 

1 .31 

1 .005 

0.09 

S 

K 

L 

0.066 

0.132 

5130. 

1934. 

141 . 

0.274 

3D-3A-2-13H 

550. 

1 .34 

1 .31 

1 .003 

0.08 

S 

K 

L 

0.066 

0.132 

5180. 

1949. 

141 . 

0.277 

3D-3A-2-18H 

550. 

1 .34 

1.31 

1 .003 

0.08 

S 

K 

L 

0.066 

0.132 

5890. 

2216. 

141 . 

0.315 

3D-4A-2-1C 

-250. 

1 .32 

1 .31 

1 .006 

0.11 

S 

D 

M 

0.063 

0.125 

2880. 

1089. 

76. 

0.301 

3D-4A-2-2C 

-250. 

1 .34 

1.31 

1 .002 

0.08 

S 

D 

M 

0.063 

0.125 

2340. 

881 . 

76. 

0.246 

3D-4A-2-3C 

-250. 

1.30 

1 .34 

1 .005 

0.09 

S 

0 

M 

0.063 

0.125 

2410. 

909. 

76. 

0.252 

30-4A-2-4C 

-250. 

1.33 

1 .30 

1 .002 

0.09 

S 

D 

M 

0.063 

0.125 

2420. 

918. 

76. 

0.254 

3D-4A-2-5C 

-250. 

1 .32 

1.31 

1 .006 

0.10 

S 

D 

M 

0.063 

0.125 

2545. 

962. 

76. 

0.266 

3D-4A-2-8C 

-250. 

1.32 

1.32 

1 .001 

0.09 

S 

D 

M 

0.063 

0.125 

2615. 

990. 

76. 

0.275 

3D-4A-2-7A 

70. 

1 .32 

1.34 

1.006 

0.09 

s 

D 

M 

0.063 

0.125 

2800. 

1046. 

76. 

0.293 

3D-4A-2-3A 

70. 

1 .29 

1.35 

1.006 

0.08 

s 

D 

M 

0.063 

0.125 

3635. 

1369. 

76. 

0.380 

30-4A-2-9A 

70. 

1 .35 

1 .30 

0.994 

0.09 

s 

D 

M 

0.063 

0.125 

3040. 

1154. 

76. 

0.322 

3D-4A-2-10A 

70. 

1.32 

1 .32 

1 .004 

0.09 

s 

D 

M 

0.063 

0.125 

2810. 

1060. 

76. 

0.295 

3D-4A-2-11A 

70. 

1 .33 

1.30 

1 .006 

0.09 

s 

D 

M 

0.063 

0.125 

3140. 

1187. 

76. 

0.329 

30-4A-2-12A 

70. 

1.33 

1 .32 

0.997 

0.09 

s 

D 

M 

0.063 

0.125 

2135. 

808. 

76. 

0.225 

3D-4A-2*13H 

550. 

1 .32 

1.32 

1 :004 

0.09 

s 

D 

M 

0.063 

0.125 

3180. 

1200. 

76. 

0.333 

3D-4A-2-14H 

550. 

1 .32 

1.33 

0.993 

0.09 

s 

D 

M 

0.063 

0.125 

3490. 

1327. 

70. 

0.370 

3D-4A-2-15H 

550. 

1.29 

1 .34 

1 .003 

0.09 

s 

D 

M 

0.063 

0.125 

3070. 

1164. 

76. 

0.322 

3D-4A“2-t6H 

550. 

1 .30 

1.32 

1 .004 

0.08 

s 

D 

M 

0.063 

0.125 

5000. 

1901 . 

76. 

0.524 

3D-4A-2-17H 

550. 

1 .32 

1.33 

0.998 

0.09 

s 

D 

M 

0.063 

0.125 

3560. 

1347. 

76. 

0.376 

3D-4A-2-18H 

550. 

1 .31 

1.32 

1 .003 

0.10 

s 

D 

M 

0.063 

0.125 

3490. 

1322. 

76. 

0.366 



TABLE B-2 CONTINUED 
(B) US CUSTOMARY UNITS 




LAP 






ADKEREND 


AVERAGE 





; LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE 

ON) 

WIDTH 

LENGTH 

CODEN 

CODE* 

(IN) 

LOAD 

STRESS 

FTU 

EFF ICIEHCY 

NUMBER 

IF) 

t 

2 

ON) 

(IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSM 


30-SA-2-1C 

-250. 

1 .28 

1 .32 

1 .004 

0.13 

S 

C 

N 

0.072 

0.145 

3450. 

1322. 

76. 

0.312 

3D-5A-2-2C 

-250. 

1 .27 

1.32 

1.007 

0.13 

s 

C 

N 

0.072 

0.145 

3460. 

1327. 

76. 

0.312 

3D-5A-2-3C 

-250. 

1 .30 

1 .28 

0.996 

0.13 

s 

C 

N 

0.072 

0.145 

3860. 

1502. 

76 . 

0.352 

3D-5A-2-4C 

-250. 

1 .28 

1 .34 

0.998 

0.14 

s 

C 

N 

0.072 

0.145 

3590. 

1374. 

76. 

0.327 

3D-5A-2-5C 

-250. 

1 .28 

1.32 

1.006 

0.13 

s 

c 

N 

0.072 

0.145 

3750. 

1434. 

76. 

0.338 

3D-5A-2-6C 

-250. 

1.32 

1 .30 

1.005 

0.13 

s 

c 

N 

0.072 

0.145 

3600. 

1388. 

70. 

0.325 

3D-5A>2<*7A 

70. 

1.31 

1.29 

1.007 

0.14 

s 

c 

N 

0.072 

0.145 

3050. 

1165. 

76 . 

0.275 

3D-5A-2-8A 

70. 

1 .30 

1.29 

1 .002 

0.13 

s 

c 

N 

0.072 

0.145 

3060. 

1180. 

76. 

0.277 

30-5A-2-3A 

70. 

1.28 

1.33 

1 .005 

0.13 

s 

c 

N 

0.072 

0.145 

3420. 

1304. 

76. 

0.309 

3D>5A>2-10A 

70. 

1.29 

1.32 

1.004 

0.13 

s 

c 

N 

0.072 

0.145 

3960. 

1511 . 

76. 

0.358 

3D-5A-2-1 lA 

70, 

1 .33 

1 .28 

1.008 

0.14 

s 

c 

N 

0.072 

0.145 

3350. 

1273. 

76. 

0.302 

3D-SA-2-12A 

70. 

1 .33 

1 .27 

1 .005 

0.14 

s 

c 

N 

0.072 

0.145 

3240. 

1240. 

76. 

0.292 

3D-5A-2-13H 

$50. 

1 .28 

1 .32 

1 .008 

0.13 

s 

c 

N 

0.072 

0.145 

4850. 

1850. 

76 . 

0.436 

30-SA-2-14H 

550 . 

1.29 

1 .30 

1.005 

0.13 

s 

c 

N 

0.072 

0.145 

5000. 

1921 . 

76. 

0.451 

3D-5A-2-1 SH 

550. 

1.29 

1 .31 

1 .006 

0.13 

s 

c 

N 

0.072 

0.145 

4550. 

1739. 

76. 

0.410 

30"5A"2"1 6H 

550. 

1 .29 

1 .32 

1 .006 

0.14 

s 

c 

N 

0.072 

0.145 

4870. 

1856. 

76. 

0.439 

3D-5A-2-17H 

550. 

1.32 

1 .28 

1 .005 

0.13 

s 

c 

N 

0.072 

0.145 

4680. 

1791 . 

76. 

0.423 

3D-SA-2'18H 

550 . 

1 .31 

1.29 

1.007 

0.14 

s 

c 

N 

0.072 

0.145 

4260. 

1628. 

76. 

0.384 

3D-6A-2-1C 

-250. 

1 .33 

1 .32 

1 .003 

0.09 

$ 

A 

Q 

0.068 

0.091 

2615. 

984. 

76 . 

0.377 

30-6A-2-2C 

-250. 

1 .32 

1.32 

1 .003 

0.09 

s 

A 

G 

0.068 

0.091 

1650. 

623. 

76. 

0.238 

30-6A-2-3C 

-250. 

1.31 

1.31 

1.007 

0.09 

s 

A 

Q 

0.068 

0.091 

1750. 

664. 

76. 

0.251 

3D-6A-2-4C 

-250. 

1 .32 

1 .31 

1 .006 

0.09 

s 

A 

G 

0.068 

0.091 

2350. 

808. 

76 . 

0.338 

3D»6A-2~5C 

-250. 

1 .31 

1 .33 

1 .005 

0.09 

s 

A 

G 

0.068 

0.091 

2725. 

1027. 

76 . 

0.392 

3D-6A“2-7C 

-250. 

1.32 

1 .32 

1 .002 

0.09 

s 

A 

Q 

0.068 

0.091 

1825 . 

690. 

76. 

0.263 

30-6A-2-8A 

A n f* A 0k A A 

70. 

1 .33 

1 .32 

1.001 

0.09 

s 

A 

G 

0.068 

0.091 

1665. 

627. 

76 . 

0.240 

30-6Ar2-9A 

70, 

1.33 

1 .31 

1 .005 

0.09 

s 

A 

G 

0.068 

0.091 

1965. 

741 . 

76. 

0.283 

3D-6A-2-10A 

70. 

1 .33 

1.32 

1 .000 

0.09 

s 

A 

G 

0.068 

0.091 

1640. 

619. 

76. 

0.237 

3D“6A“2"1 1 A 

70. 

1.31 

1 .33 

1.003 

0.09 

s 

A 

G 

0.068 

0.091 

1735 . 

655. 

76 . 

0.250 

3D-6A-2-12A 

70. 

1.34 

1 .30 

1 .005 

0.09 

s 

A 

G 

0.068 

0.091 

2485. 

937. 

76 . 

0.358 

3D-6A-2-13A 

70. 

1.32 

1.32 

1 .003 

0.09 

s 

A 

G 

0.068 

0.091 

2290. 

864. 

76. 

0.330 

3D-6A-14H 

550. 

1.33 

1.31 

1 .006 

0.00 

s 

A 

Q 

0.068 

0.091 

2710. 

1020. 

76 . 

0.390 

3D-6A-1 511 

550. 

1 .32 

1.32 

1 .006 

0.09 

s 

A 

G 

0.068 

0.091 

1950. 

734. 

76. 

0.230 

3D-6A"16H ' 

550. 

1 .32 

1 .33 

0.997 

0.09 

s 

A 

Q 

0.068 

0.091 

1950. 

738. 

76. 

0.283 

3D-6A-17H 

550. 

1.32 

1 .31 

1 .001 

0.09 

s 

A 

G 

0.068 

0.091 

2580. 

980. 

76. 

0.373 

3D”6A*18H . 

550. 

1.31 

1.32 

0.999 

0.09 

s 

A 

Q 

0.068 

0.091 

2360. 

898. 

70. 

0.342 

3D“6A~19H 

550. 

1 .31 

1.33 

1 .000 

0.06 

s 

A 

Q 

0.068 

0.091 

1700. 

644. 

76. 

0.246 



TABLE B-2 CONTINUED 
(B) US CUSTOMARY UNITS 

LAP ADHEREND AVERAGE 




LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN TEMPERATURE (IN) 

WIDTH 

LENGTH 

CODER 

CODE* 

(IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(F) 

1 

2 

(IN) 

(IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSI) 


3D-7A-2-1A 

70. 

1.34 

1 .31 

1 .000 

0.21 

S 

4 

P 

0.130 

0.261 

4265. 

1609. 

70. 

0.215 

3D-7A-2-2A 

70. 

1 .34 

1.33 

0.999 

0.21 

S 

J 

P 

0.130 

0.261 

3690. 

1383. 

76. 

0.186 

3D-7A-2-3A 

70. 

1 .31 

1.34 

1.002 

0.21 

S 

J 

P 

0.130 

0.261 

3670. 

1382. 

76. 

0.185 

3D-7A-2-4A 

70. 

1.31 

1.34 

1.003 

0.22 

S 

J 

P 

0.130 

0.261 

2100. 

790. 

76. 

0.106 

3D-7A-2-5A 

70. 

1 .31 

1.34 

1 .003 

0.21 

S 

J 

P 

0.130 

0.261 

3970. 

1494. 

76. 

0.200 

3D-7A-2-6A 

70. 

1 .34 

1.32 

1 .004 

0.21 

S 

J 

P 

0.130 

0.261 

3480. 

1303. 

76. 

0.175 

3D-7A-2-7H 

5$0. 

1 .32 

1 .33 

1 .003 

0.21 

S 

J 

P 

0.130 

0.261. 

4110. 

1546. 

76. 

0.207 

3D-7A-2-8N 

550. 

1 .33 

1.32 

1 .004 

0.22 

S 

J 

P 

0.130 

0.261 

3230. 

1214. 

76. 

0.162 

3D-7A-2-BH 

550. 

1 .31 

1.34 

1 .005 

0.21 

S 

J 

P 

0.130 

0.261 

4420. 

1660. 

76. 

0.222 

3D-7A-2-10H 

550. 

1 .32 

1 .34 

1.005 

0.21 

S 

J 

P 

0.130 

0.261 

3940. 

1474. 

76. 

0.198 

30-7A-2-11H 

550. 

1 .32 

1 .33 

1 .003 

0.21 

S 

J 

P 

0.130 

0.261 

3880. 

1460. 

76. 

0.195 

3D>7A-2>12H 

550. 

1.33 

1 .34 

1 .005 

0.20 

S 

J 

P 

0.130 

0.261 

4330. 

1613. 

76. 

0.217 

3F-1A-2-1A 

70. 

1.34 

1 .32 

1 .000 

0.18 

T 

J 

P 

6.131 

0.262 

4000. 

1503. 

76. 

0.201 

3F-1A-2-2A 

70. 

1 .39 

1 .29 

1 .004 

0.16 

T 

J 

P 

0.131 

0.262 

4280. 

1590. 

76. 

0.214 

3F-1A-2-3A 

70. 

1 .30 

1.39 

1 .000 

0.16 

T 

J 

P 

0.131 

0.262 

4850. 

1802. 

76. 

0.243 

3F-1A-2-4A 

70. 

1 .34 

1 .29 

1 .003 

0.19 

T 

J 

P 

0.131 

0.262 

4940. 

1873. 

76. 

0.247 

3F-1A-2-5A 

70. 

1 .38 

1 .30 

1 .002 

0.17 

T 

J 

P 

0.131 

0.262 

4160. 

1557. 

76. 

0.210 

3F-1A-2-6A 

70. 

1 .38 

1 .29 

1 .005 

0.16 

T 

J 

P 

0.131 

0.262 

3660. 

1364. 

76. 

0.183 

3F-1A-2-7H 

550. 

1.38 

1.34 

1 .004 

0.16 

T 

J 

P 

0.131 

0.262 

4330. 

1585. 

76. 

0.217 

3F-1A-2-8H 

550. 

1 .38 

1 .30 

1 .003 

0.16 

T 

J 

P 

0.131 

0.262 

4260. 

1596. 

76. 

0.213 

3F-1A-2-9H 

550. 

1.37 

1 .32 

1 .002 

0.16 

T 

J 

P 

0.131 

0.262 

4100. 

1521 . 

76. 

0.205 

3F-tA-2-10H 

550. 

1 .36 

1.31 

1 .005 

0.17 

T 

J 

P 

0.131 

0.262 

4320. 

1611 . 

76. 

0.216 

3F-1A-2-11H 

550. 

1 .38 

1 .30 

1 .003 

0.16 

T 

J 

P 

0.131 

0.262 

4250. 

1580. 

76. 

0.213 

3F-1A-2-12H 

550. 

1.30 

1.38 

1 .003 

0.18 

T 

J 

P 

0.131 

0.262 

4390. 

1633. 

76. 

0.220 

3E-1A-2-1C 

-250. 

0.79 

0.80 

0.990 

0.13 

S 

A 

T 

0.060 

0.063 

3160. 

2007. 

134. 

0.378 

3E<1A-2-2€ 

-250. 

0.80 

0.75 

0.990 

0.17 

S 

A 

T 

0.060 

0.063 

2990. 

1949. 

134. 

0.358 

3E-1A-2-3C 

-250. 

0.80 

0.77 

1 .000 

0.15 

S 

A 

T 

0.060 

0.063 

2880. 

1834. 

134. 

0.341 

3E-1A-2-4C 

-250. 

0.80 

0.82 

0.960 

0.09 

S 

A 

T 

0.060 

0.063 

2480. 

1595. 

134. 

0.306 

3E-1A-2-5C 

-250. 

0.80 

0.80 

0.990 

0.11 

s 

A 

T 

0.060 

0.063 

2500. 

1578. 

134. 

0.299 

3E-1A-2-6C 

-250. 

0.80 

0.80 

0.990 

0.10 

s 

A 

T 

0.060 

0.063 

2670. 

1686. 

134. 

0.319 

3E-1A-2-7A 

70. 

0.80 

0.77 

0.990 

0.14 

s 

A 

T 

0.060 

0.063 

4260. 

2741 . 

134. 

0.510 

3E-1A-2-8A 

70. 

0.80 

0.79 

1 .000 

0.12 

s 

A 

T 

0.060 

0.063 

4180. 

2629. 

134. 

0.495 

3E-1A-2-9A 

70. 

0.79 

0.79 

1 .000 

0.14 

s 

A 

T 

0.060 

0.063 

4080. 

2582. 

134. 

0.483 

3E-1A-2-10A 

70. 

0.79 

0.79 

1 .000 

0.15 

s 

A 

T 

0.060 

0.063 

3940. 

249 4. 

134. 

0.467 

3E-1A-2-11A 

70. 

0.80 

0.80 

0.990 

0.15 

s 

A 

T 

0.060 

0.063 

4200. 

2652. 

134. 

0.503 

3E-1A-2-12A 

70. 

0.80 

0.79 

1 .000 

0.15 

s 

A 

T 

0.060 

0.003 

3940. 

2478. 

134. 

0.467 



TABLE 0-2 CONTIKUED 
(B) US CUSTOMARY UNITS 




LAP 






ADHEREND 


AVERAGE 





LENGTHS 

LAP 

GAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SKtCiMEN TEMPERATURE (INI 

WIDTH 

LENGTH 

CODEN 

CODEt 

( IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(FI 

1 

2 

(IN) 

(IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSD 


3E-1A-2-13H 

550. 

0.79 

0.79 

0.990 

0.15 

S 

A 

T 

0.060 

0.063 

4070. 

2602. 

134. 

0.487 

3E-1A-2-14H 

5 50 • 

0.81 

0.80 

0.990 

0.11 

S 

A 

T 

0.060 

0.063 

4030. 

2528. 

134. 

0.482 

3E-1A-2-15H 

550 . 

0.79 

0.78 

1.000 

0.15 

S 

A 

T 

0.060 

0.063 

4110. 

2618. 

134. 

0.487 

3E-1A-2-16H 

550. 

0.78 

0.81 

0.980 

0.11 

S 

A 

T 

0.060 

0.063 

3770. 

2419. 

134. 

0.456 

3E-1A-2-17H 

550 . 

0.81 

0.79 

0.990 

0.15 

S 

A 

T 

0.060 

0.063 

3870. 

2443. 

134. 

0.463 

3E-1A-2-18H 

550. 

0.80 

0.80 

0.980 

0.12 

s 

A 

T 

0.060 

0.063 

3780. 

2411 . 

134. 

0.457 

3E-2A-2-1C 

-250. 

1 .80 

1 .79 

0.990 

0.12 

s 

C 

T 

0.060 

0.063 

3260. 

917. 

134. 

0.390 

3E-2A-2-2C 

-250. 

1 .79 

1 .79 

1.000 

0.14 

s 

C 

T 

0.060 

0.063 

3900. 

1089. 

134. 

0.462 

3E-2A-2-3C 

-250. 

1 .79 

1 .79 

0.980 

0.11 

s 

C 

T 

0.060 

0.063 

3620. 

1032. 

134. 

0.438 

3E-2A-2-4C 

-250. 

1 .80 

1 .80 

1 .010 

0.11 

s 

C 

T 

0.060 

0.063 

3200. 

880. 

134. 

0.375 

3E-2A-2-8C 

-250. 

1 .80 

1.80 

1 .010 

0.10 

s 

C 

T 

0.060 

0.063 

3920. 

1078. 

134. 

0.460 

3E-2A-2-6C 

-250. 

1 .79 

1.80 

0.990 

0.12 

$ 

C 

T 

0.060 

0.063 

3790. 

1066. 

134. 

0.453 

3E-2A-2-7A 

A P* M A Jk A A 

70. 

1 .80 

1.79 

1.000 

0.12 

s 

C 

T 

0.060 

0.063 

3780. 

1053. 

134. 

0.440 

3E-2A-2-8A 

70. 

1 .79 

1.79 

1 .000 

0.14 

s 

C 

T 

0.060 

0.063 

3460. 

966. 

134. 

0.410 

3E-2A-2-9A 

70. 

1 .78 

1 .79 

1 .000 

0.11 

s 

C 

T 

0.060 

0.063 

4150. 

1162. 

134. 

0.492 

3E-2A-2-10A 

70. 

1.80 

1.79 

0.990 

0.12 

s 

C 

T 

0.060 

0.063 

3740. 

1052. 

134. 

0.447 

3E-2A-2-1 1A 

70. 

1 .81 

1.79 

1 .000 

0.13 

s 

C 

T 

0.060 

0.063 

4420. 

1228. 

134. 

0.524 

3E-2A-2-12A 

70. 

1 .78 

1.80 

0.990 

0.11 

s 

C 

T 

0.060 

0.063 

3430. 

968. 

134. 

0.410 

3E-2A-2-13H 

550. 

1 .81 

1 .80 

0.990 

0.09 

s 

C 

T 

0.060 

0.063 

5550. 

1553. 

134. 

0.664 

3E-2A-2-14H 

550. 

1 .80 

1 .78 

1 .010 

0.12 

s 

C 

T 

0.060 

0.063 

5810. 

1607. 

134. 

0.681 

3E-2A-2-1 5H 

550. 

1 .80 

1 .78 

1.000 

0.11 

s 

C 

T 

0.060 

0.063 

5260. 

1459. 

134. 

0.623 

3E-2A-2-16H 

550. 

1.79 

1 .80 

1 .010 

0.11 

s 

C 

T 

0.060 

0.063 

5170. 

1426. 

134. 

0.606 

3E-2A-2-17H 

550. 

1 .80 

1 .79 

1.000 

0.10 

s 

C 

T 

0.060 

0.063 

5260. 

1465. 

134. 

0.623 

3E-2A-2-18H 

550. 

1 .79 

1 .79 

1 .000 

0.12 

s 

C 

T 

0.060 

0.063 

1070. 

466. 

134. 

0.198 

3E-1B-2-1C 

-250. 

1.79 

1.79 

0.980 

0.11 

s 

A 

T 

Q.060 

0.063 

2040. 

581 . 

1 34. 

0.247 

3E-1B-2-2C 

-250. 

1 .78 

1 .79 

0.990 

0.13 

s 

A 

T 

0.060 

0.063 

2630. 

744. 

134. 

0.315 

3E-1B-2-3C 

A P 4 a a ' 'a a 

-250. 

1.79 

1 .79 

0.990 

0.11 

s 

A 

T 

0.060 

0.063 

1720. 

485. 

(34. 

0.20G 

3E-1 B-2-4C 

-250. 

1 .80 

1.78 

1 .000 

0.10 

s 

A 

T 

0.060 

0.063 

1620. 

453 . 

134 . 

0.192 

3E- 1 B-2-5C 

-250. 

1 .79 

1 .80 

0.990 

0.12 

s 

A 

T 

0.060 

0.063 

2070. 

582. 

134. 

0.248 

3E-1 B-2-6C 

-250. 

1 .81 

1 .78 

0.990 

0.10 

s 

A 

T 

0.060 

0.063 

1860. 

523 . 

1S4. 

0.223 

3E-1B-2-7A 

70. 

1 .77 

1.80 

1 .000 

0.12 

s 

A 

T 

0.060 

0.063 

4180. 

1171 . 

134. 

0.495 

3E-1 B-2-8A 

70. 

1 .79 

1 .77 

0.990 

0.12 

s 

A 

T 

0.060 

0.063 

3010. 

854. 

134. 

0.360 

3E-1B-2-9A 

70. 

1 .81 

1.80 

0.980 

0.07 

s 

A 

T 

0.060 

0.063 

2920. 

825 . 

134. 

0.3 53 

3E-1 B-2-1 OA 

70. 

1.77 

1 .79 

1 .010 

0.12 

$ 

A 

T 

0.060 

0.063 

3250. 

904. 

134 . 

0.381 

3E-1B-2-11A 

70. 

1.79 

1.79 

1 .000 

0.11 

s 

A 

T 

0.060 

0.063 

3400. 

950. 

134. 

0.403 

3E-1B-2-12A 

70. 

1 .80 

1 .78 

1 .010 

0.11 

s 

A 

T 

0.000 

0.063 

2590. 

716. 

134. 

0.304 



TABLE B>2 CONTINUED 


(Bl U5 CUSTOMARY UNITS 


SPECIMEN TEMPERATURE 

LAP 

LENGTHS 

(IN) 

LAP 

WIDTH 

GAP 

LENGTH 

CONFIG 

CODEW 

LAYUP 

CODE* 

ADHEREND 
THICKNESSES 
( IN) 

FAILURE 

LOAD 

AVERAGE 

JOINT 

STRESS 

FTU 

NUMBER 

(F) 

1 

2 

(IN) 

(IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSI ) 

3E-1B-2-13H 

550. 

1.79 

1.80 

1 .010 

0.10 

S 

A 

T 

0.060 

0.063 

5300. 

1462. 

134. 

3E-1B-2-14H 

550. 

1 .78 

1 .78 

1 .000 

0.12 

S 

A 

T 

0.060 

0.063 

5320. 

1494. 

134. 

3E-1B-2-1SK 

550. 

1.77 

1.81 

1 .000 

O'. 11 

S 

A 

T 

0.060 

0.063 

5030. 

1405. 

134. 

3E-1B-2-16K 

550. 

1.80 

1.79 

1 .010 

0.11 

5 

A 

T 

0.060 

0.063 

5310. 

1464. 

134. 

3E-1B-2-17H 

550. 

1 .78 

1.78 

0.990 

0.12 

S 

A 

T 

0.060 

0.063 

4820. 

1368. 

134. 

3E-1B-2-18K 

550. 

1 .80 

1.77 

0.990 

0.10 

S 

A 

T 

0.060 

0.063 

5580. 

1579. 

134. 


N CONFi DURATION CODE 

S s STANDARD 
T s TAPERED ADHEREND 

* LAYUP CODE 

A s [0.«/-45,90]3S 
B = [0,*/-45,0(3n2S 
C = [♦/-45,0,90]3S 
D s C0I3) .♦/-45I3) . 013ns 
E = t0,*/-45,9032S 


G s C0.t/>45.90]4S 
H s [0.«/-4S,90]SS 
J s [0.+/-45.9036S 
K s [0. *45,0(2) .-45. 032S 
L s C0.*4S,0(2) .-45.034S 


M B C0(3) .*/-4S(3) .90(3)328 
N s [*/-45,0.9036S 
P = [0.+/-45.90312S 
T B TITANIUM 


JOINT 

EFFICIENCY 


0.622 

0.630 

0.596 

0.623 

0.577 

0.668 



TABLE B-3 STEPPED LAP JOINT TEST RESULTS 
(A) SI UNITS 


SPECIUEN 

TEMPERATURE 

GR/Pi 

THICKNESS 

TITANIUM 

THICKNESSES 

NUMBER 

IK) 

(MM) 

1 

IMM) 2 

3Q-1A-2-1 

294. 

3.78 

4.14 

3.73 

3Q-1A-2-2 

294. 

3.86 

4.14 

3.73 

3Q-1A-2-3 

294. 

3.96 

4.16 

3.73 

3Q-1A-2-4 

294. 

3.99 

4.11 

3.73 

3Q-1A-2-S 

294. 

3.99 

4.11 

3.73 

3Q-1A-2-6 

294. 

4.01 

4.14 

3.73 

3Q-1A-2-7 

561 . 

3.99 

4.09 

3.73 

3Q-1A>2-8 

$61 . 

3.94 

4.16 

3.73 

3Q-1A-2-9 

$61 . 

4.01 

4.14 

3.73 

3G-1A-2-10 

$61 . 

3.99 

4.09 

3.73 

3Q-1A-2-11 

$61. 

3.99 

4.06 

3.73 

3Q-1A-2-12 

$61 . 

4.01 

4.06 

3.76 

3Q-tA-2*13 

116. 

4.01 

4.06 

3.73 

3Q-1A-2-14 

116. 

3.99 

4.04 

3.76 

3Q-1A-2-1S 

116. 

3.96 

4.06 

3.73 

3Q-1A-2-16 

116. 

3.96 

4.06 

3.76 

3Q-1A-2-17 

116. 

3.99 

4.03 

3.76 

3Q-1A-2-18 

116. 

3.96 

4.06 

3.76 


AVERAGE 



FAILURE 

JOINT 


JOINT 

WIDTH 

LOAD 

STRESS 

FTU 

EFFICIENCY 

IMM) 

(KN) 

(MPA) 

(MPA) 


25.50 

18.33 

9.467 

$24. 

0.304 

25.60 

18.50 

9.563 

524. 

0.360 

2$. 83 

20.02 

10.342 

524. 

0.380 

25.83 

17,39 

8.984 

524. 

0.328 

25.6$ 

17.93 

9.260 

$24. 

0.338 

25.73 

17.53 

9.053 

524. 

0.328 

25.86 

23.66 

12.224 

524. 

0.446 

25.73 

22.60 

11.673 

524. 

0.431 

25.73 

23.22 

11.997 

524. 

0.435 

25.83 

21.57 

11.149 

524. 

0.406 

25.81 

23.00 

11.880 

524. 

0.433 

25.81 

23.31 

12.045 

524. 

0.436 

25.76 

15.44 

7.977 

524. 

0.289 

25.81 

13.17 

6.805 

524. 

0.240 

25.88 

12,70 

6.516 

524. 

0.241 

25.83 

13.79 

7.122 

524. 

0.261 

25.88 

15.68 

8.088 

524. 

0.295 

25.88 

13.79 

7.122 

524. 

0.261 
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TABLE B-3 CONCLUDED 
(B) US CUSTOMARY UNITS 


SPECIMEN 

NUMBER 

3R-1A-2-1 
3Q-1A-2-2 
3G-1A-2-3 
3Q-1A-2-4 
3Q-1A-2-5 
3Q-1A-2 6 

3Q-1A-2-7 

3Q-1A-2-8 

3Q-1A-2-9 

3Q-1A-2-10 

3Q-1A-2-11 

3Q-1A-2-12 

3Q-1A-2-13 

3Q-1A-2-14 

3Q-1A>2-1$ 

3Q-1A-2-16 

3Q-1A-2-17 

3Q>1A*2-18 


AVERAGE 


TEMPERATURE 

GR/PI 

THICKNESS 

TITANIUM 

THICKNESSES 

WIDTH 

FAILURE 

LOAD 

JOINT 

STRESS 

FTU 

JOINT 

EFFICIENCY 

IF) 

(IN) 

1 

(IN) 2 

(IN) 

(LBS) 

(PSD 

(KSI) 


70. 

.149 

.163 

.147 

1 .004 

4120. 

1373. 

78. 

0.364 

70. 

.152 

.163 

.147 

1 .008 

4160. 

1387. 

76. 

0.360 

70. 

.156 

.164 

.147 

1 .017 

4500. 

1500. 

76. 

0.380 

70. 

.157 

.162 

.147 

1.017 

3910. 

1303. 

76. 

0.328 

70. 

.157 

.162 

.147 

1.010 

4030. 

1343. 

76. 

0.338 

70. 

.158 

.163 

.147 

1 .013 

3940. 

1313. 

76. 

0.328 

550. 

.157 

.161 

.147 

1 .018 

5320. 

1773. 

76, 

0.446 

550. 

.155 

.164 

.147 

1 .013 

5080. 

1683. 

76. 

0.431 

550. 

.158 

.163 

.147 

1 .006 

5220. 

1740. 

76. 

0.435 

550. 

.157 

.161 

.147 

1 .009 

4850. 

1617. 

76. 

0.406 

550. 

.157 

.160 

.147 

1 .016 

5170. 

1723. 

76. 

0.433 

550. 

.158 

.160 

.148 

1 .016 

5240. 

1747. 

76. 

0.436 

-250. 

.158 

.160 

.147 

1 .014 

3470. 

1157. 

76. 

0.289 

-250. 

.157 

.159 

.148 

1 .016 

2960. 

987. 

76. 

o:248 

-250. 

.156 

.160 

.147 

1.019 

2835. 

945. 

76. 

0.241 

-250. 

.156 

.160 

.148 

1.017 

3100. 

1033. 

76. 

0.261 

-250. 

.157 

.160 

.148 

1 .019 

3520. 

1173. 

76. 

0.295 

-250. 

.156 

.160 

.148 

1.019 

3100. 

1033. 

76. 

0.261 



APPENDIX C 


ADVANCED BONDED JOINT 


TEST RESULTS TABLES 



TABLE C-1 ADVANCED SINGLE LAP JOINT TEST RESULTS - PREFORMED AOHERENDS 

(A) SI UNITS 


AOHEREND AVERAGE 



PREFORMED 


LAP 

LAP 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN 

ANGLE 

TEMPERATURE 

LENGTH 

WIDTH 

CODEt 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

IDEQ) 

IK) 

(MM) 

(MM) 

1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


6-1A-2-1 

5. 

116. 

25.15 

25.40 

A 

A 

1.753 

1.753 

7.473 

11.700 

524. 

0.320 

6-1A-2-2 

5. 

116. 

25.40 

25.68 

A 

A 

1.727 

1.753 

8.696 

13.333 

524. 

0.374 

6-1A-2-3 

5. 

116. 

25.40 

25.65 

A 

A 

1 .727 

1 .727 

8.140 

12.492 

524. 

0.351 

6-1A-2-4 

5. 

294. 

25.65 

25.60 

A 

A 

1 .753 

1 .727 

8.140 

12.393 

524. 

0.346 

6-1A-2-5 

5. 

294. 

25.65 

25.65 

A 

A 

1 .753 

1.753 

8.274 

12.572 

524. 

0.351 

6-1A-2-8 

5. 

294. 

25.40 

25.60 

A 

A 

1 .753 

1.753 

8.696 

13.372 

524. 

0.370 

6-1A-2-7 

5. 

S61 . 

25.40 

25.68 

A 

A 

1 .727 

1.753 

8.140 

12.480 

524. 

0.350 

6-1A-2-8 

5. 

561 . 

25.65 

25.65 

A . 

A 

1 .753 

1 .753 

7.695 

11 .693 

524. 

0.327 

6-1A-2-9 

5. 

561 . 

25.40 

25.73 

A 

A 

1 .727 

1 .753 

6.316 

9.665 

524. 

0.271 

6-1B-2-1 

5. 

116. 

51.56 

25.55 

A 

A 

1.803 

1.803 

12.144 

9.217 

524. 

0.503 

6-1B<2-2 

5. 

116. 

51 .31 

25.60 

A 

A 

1 .803 

1.803 

13.367 

10.175 

524. 

0.552 

6-1B-2-3 

5. 

116. 

51.56 

25.58 

A 

A 

1 .778 

1.803 

13.723 

10.405 

524. 

0.576 

6-1B-2-4 

5. 

294. 

51.31 

25.55 

A 

A 

1 .778 

1.803 

14.012 

10.688 

524. 

0.589 

6-1B-2-5 

5. 

294. 

51 .31 

25.60 

A 

A 

1 .778 

1 .803 

14.323 

10.903 

524. 

0.600 

6-1B-2-6 

5. 

294. 

51 .05 

25.48 

A 

A 

1 .778 

1 .753 

14.946 

11.491 

524. 

0.630 

6-1B-2-7 

5. 

561 . 

50.55 

25.50 

A 

A 

1.778 

1.803 

10.565 

8.196 

524. 

0.445 

6-1B-2-8 

5. 

561. 

50.80 

25.48 

A 

A 

1 .778 

1.778 

11.343 

8.765 

524. 

0.478 

6-1B-2-9 

5. 

561 . 

50.80 

25.48 

A 

A 

1.803 

1,778 

12.989 

10.036 

524. 

0.540 

6-1C-2-1 

5. 

116. 

76.71 

25.50 

A 

A 

1 .702 

1.753 

16.925 

8.652 

524. 

0.744 

6-1C-2-2 

5. 

116. 

76.96 

25.37 

A 

A 

1 .727 

1 .727 

16.280 

8.337 

524. 

0.709 

6-1C-2-3 

5. 

116. 

76.20 

25.86 

A 

A 

1 .727 

,1.702 

16.014 

.8.127 

524. 

0.684 

6-1C-2-4 

5. 

294. 

76.71 

25.40 

A 

A 

1 .753 

1 .753 

15.791 

8.105 

524. 

0.677 

6-1C-2-5 

5. 

294. 

76.96 

25.45 

A 

A 

1 .727 

1 .702 

15.191 

7.755 

524. 

0.659 

6-1C-2-6 

5. 

294. 

76.96 

25.40 

A 

A 

1 .753 

1 .753 

14.501 

7.418 

524. 

0.622 

6-1C-2-7 

5. 

561 . 

76.71 

25.45 

A 

A 

1 .727 

1.727 

13.589 

6.961 

524. 

0.590 

6-1C-2-8 

S. 

561 . 

76.96 

25.45 

A 

A 

1 .753 

1.727 

12.944 

6.608 

524. 

0.554 

6-1C-2-3 

S. 

561 . 

77.22 

25.65 

A 

A 

1 .753 

1.727 

12.722 

6.422 

524. 

0.540 


CjJ 

<a) 

tn 




TABLE C-1 CONTINUED 
(A) SI UNITS 


SPECIMEN 

PREFORMED 

ANGLE 

TEMPERATURE 

LAP 

LENGTH 

LAP 

WIDTH 

LAYUP 

CODE« 

ADHEREND 

THICKNESSES 

(MM) 

FAILURE 

LOAD 

AVERAGE 

JOINT 

STRESS 

FTU 

JOINT 

EFFICIENCY 

NUMBER 

(DEQI 

IK) 

(MM) 

(MM) 

1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 

6-2A>2»1 

10. 

116. 

25.65 

25.91 

A 

A 

1 .727 

1.727 

13.923 

20.948 

524. 

0.594 

6-2A-2-2 

6-2A-2-3 

10. 

116. 

25.40 

25.63 

A 

A 

1 .727 

1 .727 

15.413 

23.677 

524. 

0.664 

10. 

116. 

25.65 

25.68 

A 

A 

1 .727 

1 .727 

13.500 

20.493 

524. 

0.581 

6-2A-2-4 

6-2A-2-5 

6-2A-2-6 

10. 

294. 

25.91 

25.65 

A 

A 

1 .727 

1 .727 

11.899 

17.903 

524. 

0.512 

10. 

294. 

25.91 

25.58 

A 

A 

1 .727 

1.727 

11 .098 

16.748 

524. 

0.479 

10. 

294. 

25.91 

25.58 

A 

A 

1 .727 

1.727 

13.011 

19.634 

524. 

0.562 

6 - 2 A- 2-7 

6-2A-2-8 

6-2A-2-9 

10. 

561 . 

25.91 

25.58 

A 

A 

1 .702 

1.727 

11.387 

17.184 

524 . 

0.499 

10. 

561 . 

25.91 

25.60 

A 

A 

1 .727 

1 .727 

9.119 

13.747 

524. 

0.394 

10. 

561 . 

25.91 

25.55 

A 

A 

1 .753 

1 .727 

10.920 

16.496 

524. 

0.465 

6-2B-2-1 

10. 

116. 

51 .31 

25.91 

A 

A 

1 .753 

1.778 

18.594 

13.988 

524. 

0.781 

6-2B-2-2 

6-2B-2-3 

10. 

116. 

51 .31 

25.58 

A 

A 

1 .778 

1 .778 

15.769 

12.016 

524. 

0.662 

10. 

116. 

51 .31 

25.53 

A 

A 

1 .753 

1 .778 

11.187 

8.542 

524. 

0.477 

6-2B-2-4 

10. 

294. 

51.31 

25.58 

A 

A 

1 .778 

1 .778 

14.835 

11.304 

524. 

0.623 

6"2B“2“5 

6-2B-2-6 

10. 

294. 

51 :0S 

25.55 

A 

A 

1 .778 

1 .778 

17.682 

13.554 

524. 

0.743 

10. 

294. 

51 .05 

25.58 

A 

A 

1 .778 

1 .753 

15.591 

11.939 

524. 

0.654 

6-2B-2-7 

3-2B-2>8 

6-2B>2-» 

10. 

561 . 

50.80 

25.48 

A 

A 

1 .753 

1.778 

15.947 

12.322 

524. 

0.682 

10. 

561 . 

50.80 

25.50 

A 

A 

1 .778 

1.803 

14.234 

10.988 

524. 

0.599 

10. 

561. 

50.55 

25.48 

A 

A 

1 .778 

1.778 

13.856 

10.760 

524. 

0.584 

6-2C-2-1 

6-2C-2-2 

6-2C-2-3 

10. 

116. 

76.71 

25.78 

A 

A 

1 .753 

1.753 

11.298 

5.713 

524. 

0.477 

10. 

116. 

76.71 

25.65 

A 

A 

1 .753 

1.753 

12.344 

6.273 

524. 

0.524 

10. 

116. 

76.45 

25.53 

A 

A 

1 .753 

1 .753 

12.277 

6.291 

524. 

0.524 

6-2C-2-4 

6-2C-2-5 

6-2C-2-6 

10. 

294. 

76.71 

25.63 

A 

A 

1 .753 

1.753 

10.164 

5.170 

524. 

0.432 

10. 

294. 

76.45 

25.50 

A 

A 

1 .753 

1 .753 

12.255 

6.286 

524. 

0.523 

10. 

294. 

76.20 

25.53 

A 

A 

1 .778 

1 .753 

15.858 

8.153 

524. 

0.667 

8-2C-2-7 

6-2C-2t8 

6-2C-2-9 

10. 

561 . 

76.20 

25.63 

A 

A 

1 .727 

1 .727 

10.898 

5.580 

524. 

0.470 

10. 

561 . 

76.20 

25.58 

A 

A 

1 .753 

1 .753 

11.476 

5.888 

524. 

0.489 

10. 

56 1 . 

76.20 

25.63 

A 

A 

1 .727 

1.727 

11.921 

6 . 104 

524. 

0.514 



TABLE C>1 CONTINUED 
(A1 SI UNITS 


ADHEBEND AVERAGE 



PREFORMED 


LAP 

LAP 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN 

ANGLE 

TEMPERATURE 

LENGTH 

WIDTH 

C0DE + 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(DEG) 

(K) 

(MM) 

(MM) 

1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


6-3A-2-1 

15. 

116. 

25.15 

25.60 

A 

A 

1 .778 

1 .778 

9.163 

14.233 

524. 

0.384 

6-3A-2-2 

1$. 

116. 

25.40 

25.55 

A 

A 

1.778 

1.778 

8.785 

13.536 

524. 

0.369 

6-3A-2-3 

15. 

116. 

25.40 

25.55 

A 

A 

1 .778 

1.803 

11.298 

17.408 

524. 

0.475 

8-3A-2-4 

15. 

294. 

25.40 

25.55 

A 

A 

1 .803 

1.778 

11.054 . 

17.031 

524. 

0.458 

8-3A-2-5 

IS. 

294. 

25.40 

25.70 

A 

A 

1 .778 

1.778 

12.499 

19.145 

524. 

0.522 

6-3A-2-6 

15. 

294. 

25.40 

25.70 

A 

A 

1 .778 

1.778 

11.232 

17.203 

524. 

0.469 

6-3A-2-7 

15. 

561. 

25.40 

25.63 

A 

A 

1 .829 

1 .803 

10.164 

15.614 

$24. 

0.414 

6-3A-2-8 

15. 

561. 

25.40 

25.55 

A 

A 

1 .803 

1.778 

11.721 

18.059 

524. 

0.485 

8-3A-2-9 

15. 

561 . 

25.15 

25.68 

A 

A 

1 .803 

1 .803 

9.653 

14.948 

524. 

0.398 

8-3B-2-1 

IS. 

116. 

50.80 

25.40 

A 

A 

1 .778 

1.778 

13.767 

10.670 

524. 

0.582 

6-3B-2-2 

IS. 

116. 

50.80 

25.55 

A 

A 

1 .803 

1.803 

14.257 

10.983 

524. 

0.590 

8-3B-2-3 

15. 

116. 

50.80 

25.55 

A 

A 

1 .803 

1.778 

12.433 

9.578 

524. 

0.515 

6-3B-2-4 

15. 

294. 

51 .05 

25.63 

A 

A 

1 .778 

1.778 

13.990 

10.692 

524. 

0.586 

6>3B-2>5 

15. 

294. 

50.80 

25.53 

A 

A 

1 .829 

1.803 

12.967 

9.999 

524. 

0.530 

8-3B-2*6 

15. 

294. 

50.80 

25.32 

A 

A 

1 .778 

1 .778 

11.565 

8.990 

524. 

0.490 

8-3B-2-7 

15. 

561 . 

50.80 

25.40 

A 

A 

1 .803 

1 .778 

9.719 

7.533 

524. 

0.405 

8>3B-2-8 

15. 

561 . 

50.80 

25.48 

A 

A 

1 .778 

1.803 

11.165 

8.627 

524. 

0.470 

8-38-2-9 

15. 

561 . 

50.80 

25.43 

A 

A 

1 .778 

1 .803 

9.986 

7.732 

524. 

0.422 

8-3C-2-1 

15. 

116. 

76.96 

25.65 

A 

A 

1 .803 

1.803 

14.701 

7.446 

524. 

0.606 

8-3C-2-2 

IS. 

116. 

76.96 

.25.53 

A 

A 

1 .829 

1.803 

13.767 

7.008 

524. 

0.563 

8-3C-2-3 

IS. 

116. 

76.96 

25.55 

A 

A 

1 .803 

1.829 

13.411 

6.820 

524. 

0.555 

6-3C-2-4 

15. 

294. 

76.96 

25.48 

A 

A 

1 .803 

1.829 

15.791 

8.054 

524. 

0.656 

6-3C-2-5 

15. 

294. 

76.96 

25.53 

A 

A 

1 .803 

1.803 

15.413 

7.845 

524. 

0.639 

6-3C-2-6 

15. 

294. 

76.96 

25.53 

A 

A 

1 .829 

1.803 

14.902 

7.585 

524. 

0.609 

8-3C-2-7 

15. 

$61 . 

76.71 

25.53 

A 

A 

1 .803 

1 .778 

11.654 

5.952 

524. 

0.483 

8-3C-2-8 

15. 

561 . 

76.71 

25 . 40 

A 

A 

1 .803 

1 .854 

13.256 

6.803 

524. 

0.552 

6-3C-2-9 

15. 

561 . 

76.20 

25.58 

A 

A 

1 .829 

1 .803 

12.188 

6.253 

524. 

0.497 


« LAYUP CODE 


A s C0,+/-4S,90]3S 



TABLE C>1 CONTINUED 


IB) US CUSTOMARY UNITS 


SPECIMEN 

PREFORMED 

ANGLE 

TEMPERATURE 

LAP 

LENGTH 

LAP 

WIDTH 

LAYUP 

CODE« 

ADHEREND 

THICKNESSES 

(IN) 

FAILURE 

LOAD 

AVERAGE 

JOINT 

STRESS 

FTU 

JOINT 

EFFICIENCY 

NUMBER 

(DEG) 

CF) 

(IK) 

(IN) 

1 

2 

1 

2 

(LBS) 

(PSD 

(KSI) 

6-1A-2-1 

$. 

-250. 

0.990 

1 .000 

A 

A 

0.069 

0.069 

1680. 

1697. 

76. 

0.320 

6-1A-2-2 

5 . 

-250. 

1 .000 

1 .011 

A 

A 

0.068 

0.069 

1955. 

1934. 

76. 

0.374 

6-1A-2-3 

5 . 

-250. 

1 .000 

1 .010 

A 

A 

0.068 

0.068 

1830. 

1812. 

76. 

0.351 

6-1A-2-4 

5. 

70. 

1 .010 

1 .008 

A 

A 

0.069 

0.068 

1830. 

1798. 

76. 

0.346 

6-1A-2-5 

S . 

70. 

1 .010 

1 .010 

A 

A 

0.069 

0.069 

1860. 

1823. 

76. 

0.351 

8-1A-2-6 

5 . 

70. 

1 .000 

1 .008 

A 

A 

0.069 

0.069 

1955. 

1939. 

76. 

0.370 

6-iA-2-7 

5. 

550. 

1 .000 

1 .011 

A 

A 

0.068 

0.069 

1830. 

1810. 

76. 

0.350 

6-tA-2-8 

S . 

550. 

t .010 

1 .010 

A 

A 

0.069 

0.069 

1730. 

1696. 

76. 

0.327 

6-1A-2-S 

$ . 

550. 

1 .000 

1 .013 

A 

A 

0.068 

0.069 

1420. 

1402. 

76. 

0.271 

6-1B-2-1 

5. 

-250. 

2.030 

1 .006 

A 

A 

0.071 

0.071 

2730. 

1337. 

76. 

0.503 

6-tB-2-2 

S . 

-250. 

2.020 

1 .008 

A 

A 

0.071 

0.071 

3005. 

1476. 

76. 

0.552 

6-1B-2-3 

5 . 

-250. 

2.030 

1.007 

A 

A 

0.070 

0.071 

3085. 

1509. 

76. 

0.576 

6-1B-2-4 

6-1B-2-5 

6-1B-2-6 

S. 

70. 

2.020 

1 .006 

A 

A 

0.070 

0.071 

3150. 

1550. 

76. 

0.589 

S . 

70. 

2.020 

1.008 

A 

A 

0.070 

0.071 

3220. 

1581 . 

76. 

0.600 

s . 

70. 

2.010 

1 .003 

A 

A 

0.070 

0.069 

3360. 

1667. 

76. 

0.630 

6-1B-2-7 

s. 

550. 

1.990 

1.004 

A 

A 

0.070 

0.071 

2375. 

1189. 

76. 

0.445 

6-1B-2-8 

s . 

550. 

2.000 

1 .003' 

A 

A 

0.070 

0.070 

2550. 

1271 . 

76. 

0.478 

6-1B-2-9 

5 . 

550. 

2.000 

1 .003. 

A 

A 

0.071 

0.070 

2920. 

1456. 

76. 

0.540 

6-1C-2-1 

6-1C-2-2 

5. 

-250. 

3.020 

1 .004 

A 

A 

0.067 

0.069 

3805. 

1255. 

76. 

0.744 

S • 

-250. 

3.030 

0.999 

A 

A 

0.068 

0.068 

3660. 

1209. 

76. 

0.709 

6"1C**2“3 

s . 

-250. 

3.000 

1 .018 

A 

A 

0.068 

0.067 

3600. 

1179. 

76. 

0.684 

6>1C-2-4 

6-1C-2-5 

6-1C-2-6 

5. 

70. 

3.020 

1 .000 

A 

A 

0.069 

0.069 

3550. 

1175. 

76. 

0.677 

S . 

70. 

3.030 

1 .002 

A 

A 

0.068 

0.067 

3415. 

1125. 

76. 

0.659 

5 . 

70. 

3.030 

1 .000 

A 

A 

0.069 

0.069 

3260. 

1076. 

76. 

0.622 

e-lC-2-7 

6-1C-2-8 

5. 

550. 

3.020 

1 .002 

A 

A 

0.068 

0.068 

3055. 

1010. 

76. 

0.590 

5 . 

550. 

3.030 

1 .002 

A 

A 

0.069 

0.068 

2910. 

958 . 

76. 

0.354 

6-1C-2-9 

S . 

550. 

3.040 

1 .010 

A 

A 

0.069 

0.068 

2860. 

931 . 

76. 

0.540 



TABLE C-1 CONTINUED 
(B) US CUSTOIMRY UNITS 


ADHEREND AVERAGE 



PREFORMED 


LAP 

LAP 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN 

ANGLE 

TEMPERATURE 

LENGTH 

WIDTH 

CODE* 

(IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(DEG) 

IF) 

(IN) 

(IN) 

1 

2 

1 

2 

(LBS) 

(PSD 

(KSI ) 


6-2A-2-1 

10. 

-250. 

1 .010 

1.020 

A 

A 

0.068 

0.068 

3130. 

3038. 

76. 

0.594 

6-2A-2-2 

10. 

-250. 

1 .000 

1 .009 

A 

A 

0.068 

0.068 

3465. 

3434. 

76. 

0.664 

6-2A-2-S 

10. 

-250. 

1 .010 

1 .011 

A 

A 

0.068 

0.068 

3035. 

2972. 

76. 

0.581 

6-2A-2-4 

10. 

70. 

1 .020 

1 .010 

A 

A 

0.068 

0.068 

2675. 

2597. 

76. 

0.512 

6-2A-2-5 

10. 

. 70. 

1 .020 

1 .007 

A 

A 

0.068 

0.068 

2495. 

2429. 

76. 

0.479 

6-2A-2“« 

10. 

70. 

1 .020 

1 .007 

A 

A 

0.068 

0.068 

2925. 

2848. 

76. 

0.562 

6-2A-2-7 

10. 

550. 

1 .020 

1 .007 

A 

A 

0.067 

0.068 

2560. 

2492. 

76. 

0.499 

6-2A-2<8 

10. 

550. 

1 .020 

1.008 

A 

A 

0.068 

0.068 

2050. 

1994. 

76. 

0.394 

6-2A-2>9 

10. 

550. 

1.020 

1 .006 

A 

A 

0.069 

0.068 

2455. 

2393. 

76. 

0.465 

6-2B-2-1 

10. 

-250. 

2.020 

1 .020 

A 

A 

0.069 

0.070 

4180. 

2029. 

76. 

0.781 

8-26-2-2 

10. 

-250. 

2.020 

1.007 

A 

A 

0.070 

0.070 

3545. 

1743. 

76. 

0.662 

6-28-2-3 

10. 

-250. 

2.020 

1 .005 

A 

A 

0.069 

0.070 

2515. 

1239. 

76. 

0.477 

6-^2B-2-4 

10. 

70. 

2.020 

1 .007 

A 

A 

0.070 

0.070 

3335. 

1640. 

76. 

0.623 

6-28-2-5 

10. 

70. 

2.010 

1 .006 

A 

A 

0.070 

0.070 

3975. 

1966. 

76. 

0.743 

6-2B-2-6 

10. 

70. 

2.010 

1 .007 

A 

A 

0.070 

9.069 

3505. 

1732. 

76. 

0.654 

6-2B-2-7 

10. 

550. 

2.000 

1 .003 

A 

A 

0.069 

0.070 

3585. 

1787. 

76. 

0.682 

6-28-2-8 

10. 

550. 

2.000 

1 .004 

A 

A 

0.070 

0.071 

3200. 

1594. 

76. 

0.599 

6-2B-2-9 

10. 

550. 

1 .990 

1 .003 

A 

A 

0.070 

0.070 

3115. 

1561 . 

76. 

0.584 

6-2C-2-1 

10. 

-250. 

3.020 

1 .015 

A 

A 

0.069 

0.069 

2540. 

829. 

76. 

0.477 

6-2C-2-2 

10. 

-250. 

3.020 

1 .010 

A 

A 

0.069 

0.069 

2775. 

910. 

76. 

0.524 

6-2C-2-3 

10. 

-250. 

3.010 

1 .005 

A 

A 

0.069 

0.069 

2760. 

912. 

76. 

0.524 

6-2C-2-4 

10. 

70. 

3.020 

1 .009 

A 

A 

0.069 

0.069 

2285. 

750. 

78. 

0.432 

6-2C-2-5 

10. 

70. 

3.010 

1 .004 

A 

A 

0.069 

0.069 

2755. 

912. 

76. 

0.523 

6-2C-2-6 

10. 

70. 

3.000 

1 .005 

A 

A 

0.070 

0.069 

3565. 

1182. 

76. 

0.667 

6-2C-2-7 

10. 

550. 

3.000 

1 .009 

A 

A 

0.068 

0.068 

2450. 

809. 

76. 

0.470 

6-2C-2-8 

io: 

550. 

3.000 

1 .007 

A 

A 

0.069 

0.009 

2580. 

854. 

76. 

0.489 

6-2C-2-9 

10. 

550. 

3.000 

1 .009 

A 

A 

0.068 

0.068 

2680. 

885. 

76. 

0.514 



TABLE C-1 CONCLUDED 


(B) US CUSTOMARY UNITS 


SPECIMEN 

PREFORMED 

ANGLE 

TEMPERATURE 

LAP 

LENGTH 

LAP 

WIDTH 

LAYUP 

CODE* 

ADHEREND 

THICKNESSES 

(IN) 

FAILURE 

LOAD 

AVERAGE 

JOINT 

STRESS 

FTU 

JOINT 

EFFICIENCY 

NUMBER 

(DEQ) 

(FI 

(IN) 

(IN) 

1 

2 

1 

2 

(LBS) 

(PSD 

(KSI) 

6-3A-2-1 

IS. 

-250. 

0.990 

1 .008 

A 

A 

0.070 

0.070 

2060. 

2064. 

76. 

0.384 

6-3A-2-2 

15. 

-250. 

1 .000 

1 .006 

A 

A 

0.070 

0.070 

1975. 

1963. 

76. 

0.369 

6-3A-2-3 

15. 

-250. 

1 .000 

1 .006 

A 

A 

0.070 

0.071 

2540. 

2525. 

76. 

0.475 

6>3A-2-4 

15. 

70. 

1 .000 

1 .006 

A 

A 

0.071 

0.070 

2485. 

2470. 

76. 

0.458 

6-3A-2-5 

15. 

70. 

1 .000 

1 .012 

A 

A 

0.070 

0.070 

2810. 

2777. 

76. 

0.522 

8-3A-2-6 

15. 

70. 

1 .000 

1 .012 

A 

A 

0.070 

0.070 

2525. 

2495. 

76. 

0.469 

6-3A-2-7 

15. 

550. 

1.000 

1 .009 

A 

A 

0.072 

0.071 

2285. 

2265. 

76. 

0.414 

6 “3 A"2 "8 

15. 

550. 

1.000 

1.006 

A 

A 

0.071 

0.070 

2635. 

2619. 

76. 

0.485 

6-3A-2-9 

IS . 

550. 

0.990 

1 .011 

A 

A 

0.071 

0.071 

2170. 

2168. 

76. 

0.398 

6-3B^2-1 

15. 

-250. 

2.000 

1 .000 

A 

A 

0.070 

0.070 

3095. 

1548. 

76. 

0.582 

C-3B-2-2 

IS. 

-250. 

2.000 

1.006 

A 

A 

0.071 

0.071 

3205. 

1593. 

76. 

0.590 

6-3B-2-3 

IS. 

-250. 

2.000 

1 .006 

A 

A 

0.071 

0.070 

2795. 

1389. 

76. 

0.515 

6-3B-2-4 

15. 

70. 

2.010 

1 .009 

A 

A 

0.070 

0.070 

3145. 

1551 . 

76. 

0.586 

6-3B-2-5 

15. 

70. 

2.000 

1 .005 

A 

A 

0.072 

0.071 

2915. 

1450. 

76. 

0.530 

6-3B-2-6 

15. 

70. 

2.000 

0.997 

A 

A 

0.070 

0.070 

2600. 

1304. 

76. 

0.490 

6-38-2-7 

15. 

550. 

2.000 

1.000 

A 

A 

0.071 

0.070 

2185. 

1093. 

76, 

0.405 

6-3B-2-8 

IS. 

550. 

2.000 

1.003 

A 

A 

0.070 

0.071 

2510. 

1251 . 

76. 

0.470 

6-3B-2-9 

15. 

550. 

2.000 

1 .001 

A 

A 

0.070 

0.071 

2245. 

1121 . 

76. 

0.422 

6-3C-2-1 

15. 

-250. 

3.030 

1 .010 

A 

A 

0.071 

0.071 

3305. 

1080. 

76. 

0.606 

6-3C-2-2 

15. 

-250. 

3.030 

1 .005 

A 

A 

0.072 

0.071 

3095. 

1016. 

76. 

0.563 

6-3C-2-3 

1 5 . 

-250. 

3.030 

1 .006 

A 

A 

0.071 

0.072 

3015. 

989. 

76. 

0.555 

6-3C-2-4 

15. 

70. 

3.030 

1 .003 

A 

A 

0.071 

0.072 

3550. 

1168. 

76. 

0.656 

6-3C-2-5 

15. 

70, 

3.030 

1 .005 

A 

A 

0.071 

0.071 

3465. 

1138. 

76. 

0.639 

6-3C-2-6 

IS. 

70. 

3.030 

1 .005 

A 

A 

0.072 

0.071 

3350. 

1100. 

76. 

0.609 

6-3C-2-7 

15. 

550. 

3.020 

1 .005 

A 

A 

0.071 

0.070 

2020. 

863. 

76. 

0.483 

6-3C-2-8 

1 5 . 

550. 

3.020 

1 .000 

A 

A 

0.071 

0.073 

2980. 

987. 

76. 

0.552 

6-3C-2-9 

15. 

550. 

3.000 

1 .007 

A 

A 

0.072 

0.071 

2740. 

907. 

70. 

0.497 


* LAYUP CODE 


A = [0.+/-45.9033S 
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TABLE C-2 ADVANCED SINGLE AND DOUBLE LAP JOINT TEST RESULTS 

(A) SI UNITS 

ADHEREND AVERAGE 




LAP 

LAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN 

TEMPERATURE 

LENGTH WIDTH 

CODEM 

CODE* 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER . 

IK) 

(MI4) 

(Ml^n 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


6-4A-2-1 

294. 

25.40 

25.35 

A 

A 

A 

1.803 

1 .778 

2.691 

4.179 

524. 

0.112 

6-4A-2-2 

294. 

25.40 

25.37 

A 

A 

A 

1.803 

1 .778 

2.491 

3.865 

524. 

0.104 

6-4A-2-3 

294. 

25.40 

25.38 

A 

A 

A 

1 .803 

1.778 

2.647 

4.106 

524. 

0.110 

6-4A-2-4 

361 . 

25.40 

25.37 

A 

A 

A 

1.778 

1.778 

2.722 

4.224 

524. 

0.115 

6-4A-2-5 

361 . 

25.40 

25.32 

A 

A 

A 

1.753 

1 .727 

2.985 

4.640 

524. 

0.128 

6-4A-2-B 

361 . 

25.40 

25.39 

A 

A 

A 

1 .702 

1.727 

3.007 

4.663 

524. 

0.133 

8-46-2-1 

294. 

50.80 

25.39 

A 

A 

A 

1.803 

1 .803 

5.427 

4.207 

524. 

0.226 

6-4B-2-2 

294. 

50.80 

25.42 

A 

A 

A 

1.778 

1.753 

5.204 

4.031 

524. 

0.220 

8-46-2-3 

294. 

50.80 

25.39 

A 

A 

A 

1.753 

1 .778 

5.560 

4.311 

524. 

0.238 

6^4B-2-<4 

294. 

50.80 

25.40 

A 

A 

A 

1.803 

1 .803 

5.093 

3.947 

524. 

0.212 

6-4B-2-5 

361 . 

50.80 

25.38 

A 

A 

A 

1.727 

1 .753 

6.850 

5.313 

524. 

0.298 

6-4B-2-6 

561 . 

50.80 

25.42 

A 

A 

A 

1 .753 

1.753 

4.582 

3.548 

524. 

0.196 

6-4B-2-7 

561 . 

50.80 

25.40 

A 

A 

A 

1.727 

1 .778 

5.449 

4.223 

524. 

0.237 

6-4B-2-8 

361 . 

50.80 

25.36 

A 

A 

A 

1.727 

1 .778 

5.427 

4.212 

524. 

0.236 

6-4C-2-1 

294. 

76.20 

25.41 

A 

A 

A 

1 .753 

1 .778 

6.428 

3.320 

524. 

0.275 

8-4C-2-2 

294. 

76.20 

25.40 

A 

A 

A 

1 .778 

1 .778 

6.139 

3.172 

524. 

0.259 

6-4C-2-3 

294. 

76.20 

25.38 

A 

A 

A 

1.753 

1 .753 

6.027 

3.117 

524. 

0.2S9 

6-4C-2-4 

561 . 

76.20 

25.41 

A 

A 

A 

1.803 

1.803 

7.851 

4.055 

524. 

0.327 

6-4C-2-5 

561 . 

76.20 

25.39 

A 

A 

A 

1.778 

1 .753 

7.562 

3.908 

524. 

0.320 

6-4C-2-6 

561 . 

76.20 

25.43 

A 

A 

A 

1.778 

1.778 

8.985 

4.638 

524. 

0.379 

6-5A-2-1 

294. 

20.32 

25.40 

B 

B 

B 

2.388 

2.362 

11.943 

23.138 

524. 

0.376 

6-5A-2-2 

294. 

20.32 

25.38 

B 

B 

B 

2.438 

2.413 

12.411 

24.062 

524. 

0.383 

6-5A-2-3 

294. 

20.32 

25.38 

B 

B 

B 

2.388 

2.438 

12.989 

25.184 

524. 

0.409 

6-5A-2-4 

561 . 

20.32 

25.42 

B 

B 

B 

2.413 

2.337 

12.655 

24.500 

524. 

0.394 

6-5A-2-5 

561 . 

20.32 

25.39 

B 

B 

B 

2.362 

2.362 

12.188 

23.624 

524. 

0.388 

8-5A-2-6 

561 . 

20.32 

25.38 

B 

B 

8 

2.388 

2.388 

12.188 

23.029 

524. 

0.384 

6-5B-2-1 

294. 

33.02 

25.39 

B 

B 

B 

2.413 

2.438 

11.766 

14.031 

524. 

0.366 

6-5B-2-2 

294. 

33.02 

25.42 

B 

B 

B 

2.362 

2.413 

12.499 

14.894 

524. 

0.397 

6-5B-2-3 

294. 

33.02 

25.37 

B 

B 

B 

2.388 

2.362 

13.389 

15.985 

524. 

0.422 

6-SB-2-4 

561 . 

33.02 

25.39 

B 

D 

B 

2.438 

2.362 

16.458 

19.631 

524. 

0.507 

6-5B-2-5 

561 . 

33.02 

25.41 

B 

B 

B 

2.362 

2.388 

14.168 

16.887 

524. 

0.450 

6-5B-2-6 

561 . 

33.02 

25.37 

D 

B 

B 

2.302 

2.388 

13.745 

16.405 

524. 

0.438 



CONTINUED 

UNITS 






TABLE C-2 
(A) SI 


SPECIMEN 


LAP 

LAP 

CONFIG 

LAYUP 

TEMPERATURE 

LENGTH 

WIDTH 

coden 

C0DE« 

NUMBER 

(K) 

(MM) 

(LU) 


1 

2 

6-5C-2-1 

294. 

45.72 

25.43 

B 

B 

B 

6-5C-2-2 

294. 

45.72 

25.45 

B 

B 

B 

6-5C-2-3 

294. 

45.72 

25.38 

B 

B 

B 

6-5C-2-4 

561 . 

45.72 

25.41 

B 

B 

B 

6-5C-2-5 

$61 . 

45.72 

25.38 

B 

B 

B 

8-5C-2-6 

561. 

45.72 

25.37 

B 

D 

B 

(i-dA-2-1 

294. 

26.67 

25.40 

C 

A 

A 

6-6A-2-2 

294. 

26.16 

25.43 

C 

A 

A 

e-BA-2-3 

294. 

25.91 

25.37 

C 

A 

A 

6-6A-2-4 

561 . 

25.65 

25.36. 

C 

A 

A 

6-6A-2-5 

561 . 

26.16 

25.39 

c 

A 

A 

8-6A-2-6 

561 . 

26.16 

25.38 

c 

A 

A 

6-6B-2-1 

294. 

51.31 

25.45 

c 

A 

A 

6-6B-2-2 

294. 

51.31 

25.37 

c 

A 

A 

6-6B-2-3 

294. 

51 .31 

25.37 

c 

A 

A 

$.60-2-4 

294. 

50.80 

25.43 

c 

A 

A 

6-6B-2-5 

561 . 

51 .05 

25.40 

c 

A 

A 

6-68-2-6 

561 . 

50.80 

25.39 

c 

A 

A 

6-6B-2-7 

561 . 

50.80 

25.41 

c 

A 

A 

6-6B-2-8 

561 . 

51 .05 

25.43 

c 

A 

A 

6-6C-2-1 

294. 

76.45 

25.43 

c 

A 

A 

6-6C-2-2 

294. 

76.45 

25.42 

c 

A 

A 

6-6C-2-3 

294. 

76.20 

25.41 

c 

A 

A 

6-6C-2-4 

561 . 

76.45 

25.42 

c 

A 

A 

6-6C-2-5 

561 . 

76.20 

25.41 

c 

A 

A 

6-6C-2-6 

561 . 

76.71 

25.42 

c 

A 

A 

6-7A-2-1 

294. 

25.91 

25.39 

D 

A 

A 

6-7A-2-2 

294. 

25.40 

25.41 

D 

A 

A 

6-7A-2-3 

294. 

25.43 

25.38 

D 

A 

A 

6-7A-2-4 

561 . 

25.40 

25.38 

D 

A 

A 

6-7A-2-5 

561 . 

25.91 

25.36 

D 

A 

A 

6-7A-2-6 

561 . 

25.40 

Z5.38 

D 

A 

A 


ADHEREND 


AVERAGE 



THICKNESSES 

FAILURE 

JOINT 


JOINT 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

1 

2 

(KN) 

(MPA) 

(MPA) 


2.438 

2.464 

14.924 

12.838 

524. 

0.459 

2.362 

2.413 

13.211 

11.355 

524. 

0.419 

2.464 

2.413 

12.878 

11.097 

524. 

0.393 

2.362 

2.388 

17.526 

15.089 

524. 

0.557 

2.388 

2.438 

19.216 

16.561 

524. 

0.605 

2.464 

2.413 

18.104 

15.607 

524. 

0.553 

1 .778 

1 .753 

3.225 

4.761 

524. 

0.136 

1.727 

1 .753 

4.003 

6.017 

524. 

0.174 

1 .778 

1 .778 

3.848 

5.855 

524. 

0.163 

1.778 

1 .778 

3.092. 

4.752 

524. 

0.131 

1.778 

1 .778 

2.856 

4.298 

524. 

0.121 

1 .778 

1 .753 

2.776 

4.180 

524. 

0.117 

1.778 

1 .778 

9.986 

7.647 

524. 

0.421 

1 .778 

1 .778 

9.630 

7.397 

524. 

0.407 

1 .753 

1 .753 

8.385 

6.441 

524. 

0.360 

1 .753 

1 .753 

8.096 

6.886 

524. 

0.381 

1.803 

1 .753 

7.273 

5.608 

524. 

0.303 

1.778 

1 .803 

9.052 

7.017 

524. 

0.383 

1.727 

1 .778 

7.340 

5.685 

524. 

0.319 

1 .778 

1 .727 

8.985 

6.922 

524. 

0.379 

1 .753 

1 .753 

12.055 

6.200 

524. 

0.518 

1.778 

1 .778 

9.719 

5.001 

524. 

0.410 

1 .753 

1 .778 

9.986 

5.158 

524. 

0.428 

1.803 

1.803 

1 1 . 143 

5.733 

524. 

0.404 

1.727 

1 .778 

10.653 

5.503 

524. 

0.463 

1 .778 

1 .778 

8.429 

4.323 

524. 

0.356 

1 .778 

1 .753 

5.249 

7.979 

524. 

0.222 

1.778 

1 .778 

5.627 

8.119 

524. 

0.238 

1 .753 

1 .753 

5.138 

7.963 

524. 

0.220 

1.778 

1 .778 

5.071 

7.865 

524. 

0.214 

1 .803 

1 .727 

5.583 

8.495 

524. 

0.233 

1.753 

1 .778 

5.583 

8.658 

524. 

0.239 



TABLE C-2 CONTINUED 
(A) SI UNITS 


ADHEREND AVERAGE 




LAP 

LAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN 

TEMPERATURE 

LENGTH 

WIDTH 

CODEN 

CODE« 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(K) 

(MM) 

(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


6-78-2-1 

294. 

51 .31 

25.42 

D 

A 

A 

1 .803 

1 .753 

9.008 

6.906 

524. 

0.375 

6-7B-2-2 

294. 

50.80 

25.38 

D 

A 

A 

1.829 

1 .778 

9.008 

6.986 

524. 

0.370 

6-7B-2-3 

294. 

51 .31 

25.39 

D 

A 

A 

1 .753 

1 .778 

9.141 

7.017 

524. 

0.392 

6-7B-2-4 

294. 

51 .31 

25.43 

D 

A 

A 

1 .803 

1 .778 

9.497 

7.279 

524. 

0.395 

a-7B-?'5 

561 . 

51 .05 

25.40 

D 

A 

A 

1 .778 

1 .803 

8.919 

6.878 

524. 

0.377 

6-7B-2-6 

561 . 

51 .31 

25.38 

0 

A 

A 

1 .753 

1 .803 

8.919 

6.848 

524. 

0.383 

6-7B-2-7 

561 . 

51 .31 

25.37 

D 

A 

A 

1.778 

1.829 

8.207 

6.305 

524. 

0.347 

6-7B-2-6 

561 . 

51 .31 

25.40 

D 

A 

A 

1 .803 

1 .753 

8.407 

6.451 

524. 

0.350 

6-7C-2-1 

294. 

76.20 

25.45 

D 

A 

A 

1.778 

1 .778 

9.964 

5.138 

524. 

0.420 

6-7C-2-2 

294. 

76.96 

25.39 

D 

A 

A 

1 .778 

1 .778 

12.010 

6.145 

524. 

0.508 

6-7C-2-3 

294. 

76.71 

25.42 

D 

A 

A 

1.778 

1.778 

10.854 

5.567 

524. 

0.458 

6-7C-2-4 

561 . 

76.71 

25.43 

D 

A 

A 

1.803 

1 .753 

11.143 

5.713 

524. 

0.464 

6-7C-2-5 

561 . 

76.96 

25.37 

D 

A 

A 

1.778 

1.803 

11.276 

5.775 

524. 

0.477 

6-7C-2-6 

561 . 

76.45 

25.37 

D 

A 

A 

1 .803 

1 .803 

10.587 

5.457 

524. 

0.442 

6-6A-2-1 

294. 

26.16 

25.43 

E 

A 

A 

1.778 

1 .753 

3.514 

5.283 

524. 

0.148 

6-8A-2-2 

294. 

25.91 

25.43 

E 

A 

A 

1 .778 

1 .778 

3.092 

4.692 

524. 

0.130 

6-8A-2-3 

294. 

25.91 

25.43 

E 

A 

A 

1 .803 

1 .753 

3.336 

5.064 

524. 

0.139 

6-8A-2-4 

561 . 

25.91 

25.42 

E 

A 

A 

1.778 

1.753 

3.314 

5.031 

524. 

0.140 

6-8A-2-5 

561 . 

25.40 

25.42 

E 

A 

A 

1 .778 

1 .753 

3.092 

4.789 

524. 

0.131 

6-8A-2-6 

561 . 

25.40 

25.40 

E 

A 

A 

1.803 

1.778 

3.047 

4.723 

524. 

0.127 

6-88-2-1 

294. 

51 .05 

25.45 

E 

A 

A 

1.753 

1 .778 

5.293 

4.075 

524. 

0.227 

6-8B-2-2 

294. 

51 .31 

25.42 

E 

A 

A 

1 .753 

1 .753 

5.360 

4.110 

524. 

0.230 

6-8B-2-3 

294. 

50.60 

25.41 

E 

A 

A 

1.753 

1 .778 

5.026 

3.894 

524. 

0.215 

6-8B-2-4 

294. 

51 .05 

25.39 

E 

A 

A 

1 .778 

1.778 

5.316 

4.100 

524. 

0.225 

6-8B-2-5 

561 . 

51 .05 

25.43 

E 

A 

A 

1 .763 

1 .753 

5.805 

4.471 

524. 

0.249 

6-8B-2-6 

561 . 

50.80 

25.42 

E 

A 

A 

1.603 

1.753 

4.537 

3.514 

524. 

0.189 

6-8B-2-7 

561 . 

51 .31 

25.43 

E 

A 

A 

1 .753 

1 .778 

5.649 

4.330 

524. 

0.242 

8-8B-2-8 

561 . 

50.80 

25.45 

E 

A 

A 

1 .727 

1 .803 

4.737 

3.664 

524. 

C.206 

6-8C-2-1 

294. 

76.96 

25.42 

E 

A 

A 

1 .803 

1 .702 

6.761 

3.456 

524. 

0.281 

6-8C-2-2 

294. 

76.20 

25.41 

E 

A 

A 

1.753 

1.803 

6.850 

3.538 

524. 

0.294 

8-8C-2-3 

294. 

76.45 

25.43 

E 

A 

A 

1 .778 

1 .803 

6.339 

3.261 

524. 

0.268 

6-8C-2-4 

561 . 

76.20 

25.41 

E 

A 

A 

1.727 

1 .778 

9.008 

4.652 

524. 

0.392 

8-8C-2-5 

561. 

76.45 

25.41 

E 

A 

A 

1.727 

1 .727 

7.985 

4.111 

524. 

0.347 

6-8C-2-6 

561 . 

76.71 

25.43 

E 

A 

A 

1 .778 

1 .727 

6.561 

3.364 

524. 

0.277 



TABLE C-2 CONTINUED 


(A) SI UNITS 









ADHEREND 


AVERAGE 





LAP 

LAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN 

TEMPERATURE 

LENGTH 

WIDTH 

CODEN 

CODE« 

(MM) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(K) 

(MM) 

(MM) 


1 

2 

1 

2 

(KN) 

(MPA) 

(MPA) 


6-9A-2-1 

294. 

20.32 

25.40 

F 

B 

B 

2.362 

2.362 

10.920 

21.156 

524. 

0.347 

6-9A-2-2 

294. 

20.32 

25.40 

F 

B 

B 

2.388 

2.362 

10.186 

19.738 

524. 

0.321 

6-9A-2-3 

294. 

20.32 

25.39 

F 

B 

B 

2.413 

2.464 

9.697 

18.796 

524. 

0.302 

6-9A-2-4 

561 . 

20.32 

25.43 

F 

B 

B 

2.413 

2.464 

10.876 

21 .051 

524. 

0.338 

6-9A-2-5 

561 . 

20.32 

25.44 

F 

B 

B 

2.388 

2.388 

10.898 

21 .086 

524. 

0.342 

8-9A-2-6 

561 . 

20.32 

25.39 

F 

B 

B 

2.413 

2.438 

9.808 

19.009 

524. 

0.305 

6-9B-2-1 

294. 

33.02 

25.43 

F 

B 

B 

2.464 

2.489 

11.632 

13.854 

524. 

0.354 

6-9B-2-2 

294. 

33.02 

25.45 

F 

B 

B 

2.388 

2.388 

11.543 

13.734 

524. 

0.362 

6-9B-2-3 

294. 

33.02 

25.43 

F 

B 

B 

2.388 

2.413 

10.676 

12.714 

524. 

0.336 

6-9B-2-4 

561 . 

33.02 

25.43 

F 

B 

B 

2.362 

2.362 

13.523 

16.102 

524. 

0.430 

B— 9B“2 — 5 

561 . 

33.02 

25.38 

F 

D 

B 

2.388 

2.413 

12.588 

15.021 

524. 

0.396 

6-9B-2-6 

561 . 

33.02 

25.42 

F 

B 

B 

2.388 

2.413 

11.721 

13.963 

524. 

0.369 


« CONFIGURATION CODE 

A s SCALLOPED ADHERENDS-S I NQLE LAP 
B s SCALLOPED ADHERENDS-DOUBLE LAP 
C s SOFTENING STRIP-SINGLE LAP 
0 5 fabric INTERFACE-SINGLE LAP 
E : BASELINE SINGLE LAP 
F s BASELINE DOUBLE LAP 

* LAYUP CODE 

A s [0,*/-45,90]3S 
B s [0,*/-45.90]4S 



TABLE C-2 CONTINUED 
(B) US CUSTOMARY UNITS 

ADHEREND AVERAGE 




LAP 

LAP 

CONFIG 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN 

TEMPERATURE 

LENGTH 

WIDTH 

CODEN 

CODE* 

( 

IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

(F) 

UN) 

(IN) 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSI) 


6-4A-2-1 

70. 

1 .000 

0.998 

A 

A 

A 

0.071 

0.070 

605. 

606. 

76, 

0.112 

6-4A-2-2 

70. 

1 .000 

0.999 

A 

A 

A 

0.071 

0.070 

560. 

561 . 

76. 

0.104 

6-4A-2-3 

70. 

1 .000 

0.999 

A 

A 

A 

0.071 

0.070 

595. 

595. 

76. 

0.110 

6-4A-2-4 

550. 

1 .000 

0.999 

A 

A 

A 

0.070 

0.070 

612. 

613. 

76. 

0.115 

6-4A-2-5 

550. 

1 .000 

0.997 

A 

A 

A 

0.069 

0.068 

671 . 

673. 

76. 

0.128 

6-4A-2-6 

550. 

1 .000 

0.999 

A 

A 

A 

0.067 

0.068 

676. 

676. 

76. 

0.133 

6-4B-2-1 

70. 

2.000 

1 .000 

A 

A 

A 

0.071 

0.071 

1220. 

610. 

76. 

0.226 

6-4B-2-2 

70. 

2.000 

1 .001 

A 

A 

A 

0.070 

0.069 

1170. 

585. 

76. 

0.220 

6-4B-2<3 

70. 

2.000 

0.999 

A 

A 

A 

0.069 

0.070 

1250. 

625. 

76. 

0.238 

6-4B-2<4 

70. 

2.000 

1 .000 

A 

A 

A 

0.071 

0.071 

1145. 

572. 

76. 

0.212 

6-4B-2-5 

550. 

2.000 

0.999 

A 

A 

A 

0.068 

0.069 

1540. 

771 . 

76. 

0.298 

6-4B-2-6 

550. 

2.000 

1 .001 

A 

A 

A 

0.069 

0.069 

1030. 

515. 

76. 

0.196 

6-4B-2-7 

550. 

2.000 

1 .000 

A 

A 

A 

0.068 

0.070 

1225. 

613. 

76. 

0.237 

8-4B-2-8 

550. 

2.000 

0.999 

A 

A 

A 

0.068 

0.070 

1220. 

611 . 

78. 

0.236 

6-4C-2-1 

70. 

3.000 

1 .000 

A 

A 

A 

0.069 

0.070 

1445. 

482. 

76. 

0.275 

6-4C-2-2 

70. 

3.000 

1 .000 

A 

A 

A 

0.070 

0.070 

1380. 

460. 

76. 

0.259 

6-4C-2-3 

70. 

3.000 

0.999 

A 

A 

A 

0.069 

0.069 

1355. 

452. 

76. 

0.259 

6-4C-2-4 

550. 

3.000 

1 .000 

A 

A 

A 

0.071 

0.071 

1765. 

588. 

76. 

0.327 

6-4C-2-5 

550. 

3.000 

1 .000 

A 

A 

A 

0.070 

0.069 

1700. 

567 . 

76, 

0.320 

6-4C-2-6 

550. 

3.000 

1 .001 

A 

A 

A 

0.070 

0.070 

2020. 

673. 

76. 

0.379 

6-5A-2-1 

70. 

0.800 

1 .000 

B 

B 

B 

0.094 

0.093 

2685. 

3356. 

76. 

0.376 

6-SA-2-2 

70. 

0.800 

0,999 

B 

B 

B 

0.096 

0.095 

2790. 

3490. 

76. 

0.383 

6-5A-2-3 

70. 

0.800 

0.999 

B 

B 

B 

0.094 

0.096 

2920. 

3653. 

76. 

0.409 

6-5A-2-4 

550. 

0.800 

1 .001 

B 

B 

8 

0.095 

0.092 

2845. 

3553. 

76. 

0.394 

6-5A-2-5 

550. 

0.800 

1 .000 

B 

B 

B 

0.093 

0.093 

2740. 

3426. 

76. 

0.388 

6-5A-2-6 

550. 

0.800 

0.999 

B 

B 

B 

0.094 

0.094 

2740. 

3427. 

76. 

0.384 

6-5B-2-1 

70. 

1 .300 

1 .000 

B 

B 

B 

0.095 

0.096 

2645. 

2035. 

78. 

0.366 

6-5B-2-2 

70. 

1 .300 

1 .001 

B 

B 

B 

0.093 

0.095 

2810. 

2160. 

76. 

0.397 

6-5B-2-3 

70. 

1.300 

0.999 

B 

B 

B 

0.094 

0.093 

3010. 

2318. 

76. 

0.422 

6>5B>2-4 

550. 

1 .300 

1 .000 

B 

B 

6 

0.096 

0.093 

3700. 

2847. 

76. 

0.507 

6-5B-2-5 

550. 

1 .300 

1 .000 

B 

B 

B 

0.093 

0.094 

3185. 

2449. 

76. 

0.450 

6-5B-2-6 

550. 

1.300 

0.999 

B 

B 

B 

0.093 

0.094 

3090. 

2379. 

76. 

0.438 



TABLE C-2 CONTINUED 
(B) US CUSTOMARY UNITS 




LAP 

LAP 

CONFIG 

SPECIMEN 

TEMPERATURE 

LENGTH 

WIDTH 

CODEM 

HUMBER 

IF) 

tIH) 

(IN) 


6-50-2-1 

70. 

1 .800 

1 .001 

B 

6-5C-2-2 

70. 

1.800 

1 .002 

B 

6-5C-2-3 

70. 

1 .800 

0.999 

B 

6-5C-2-4 

S50. 

1 .800 

1 .000 

B 

6-5C-2-S 

550. 

1.800 

0.999 

B 

6-5C-2-6 

550. 

1.800 

0.999 

B 

6-6A-2-1 

70. 

1 .050 

1.000 

C 

6-6A-2-2 

70, 

1 .030 

1 .001 

C 

6-6A-2-3 

70. 

1 .020 

0.999 

c 

6-6A-2-4 

550. 

1.010 

0.998 

c 

6-6A-2-5 

550. 

1 .030 

1 .000 

c 

6-6A-2-6 

550. 

1.030 

0.999 

c 

6-6B-2-1 

70. 

2.020 

1.002 

c 

6-8B-2-2 

70. 

2.020 

0.999 

c 

6-6B-2-3 

70. 

2.020 

0.999 

c 

6-6B-2-4 

70. 

2.000 

1 .001 

c 

6-6B-2-5 

550. 

2.010 

1 .000 

c 

6-6B-2-6 

550. 

2.000 

1 .000 

c 

6-6B-2-7 

550. 

2.000 

1 .000 

c 

6-6B-2-8 

550. 

2.010 

1 .001 

c 

8-6C-2-1 

70. 

3.010 

1 .001 

c 

6-6C-2-2 

70. 

3.010 

1 .001 

c 

6-6C-2-3 

70. 

3.000 

1.000 

c 

6-6C-2-4 

550. 

3.010 

1 .001 

c 

6-6C-2-5 

550. 

3.000 

1 .000 

c 

0-6C-2-6 

550. 

3.020 

1.001 

c 

6-7A-2-1 

70. 

1 .020 

1 .000 

D 

6-7A-2-2 

70. 

1 .000 

1 .000 

D 

6-7A-2-3 

70. 

1.001 

0.999 

D 

6-7A-2-4 

550. 

1 .000 

0.999 

0 

6-7A-2-5 

550. 

1 .020 

0.999 

D 

6-7A-2-6 

550. 

1 .000 

0.999 

D 


ADHEREND AVERAGE 


LAYUP 

THICKNESSES 

FAILURE 

JOINT 


CODEf 

(IN) 

LOAD 

STRESS 

FTU 

1 

2 

1 

2 

(LBS) 

(PSD 

(KSI) 

B 

B 

0.096 

0.097 

3355. 

1862. 

76. 

B 

B 

0.093 

0.095 

2970. 

1647. 

76. 

B 

B 

0.097 

0.095 

2895. 

1609. 

76. 

B 

B 

0.093 

0.094 

3940. 

2188. 

76. 

B 

B 

0.094 

0.096 

4320. 

2402 . 

76. 

B 

B 

0.097 

0.095 

4070. 

2264. 

76. 

A 

A 

0.070 

0.069 

725. 

690. 

76. 

A 

A 

0.068 

0.069 

900. 

873. 

76. 

A 

A 

0.070 

0.070 

865. 

849. 

76. 

A 

A 

0.070 

0.070 

695. 

689. 

76. 

A 

A 

0.070 

0.070 

642. 

623. 

76. 

A 

A 

0.070 

0.069 

624. 

606. 

76. 

A 

A 

0.070 

0.070 

2245. 

1109, 

76. 

A 

A 

0.070 

0.070 

2165. 

1073. 

76. 

A 

A 

0.069 

0.069 

1885. 

934. 

76. 

A 

A 

0.069 

0.069 

2000. 

999. 

76. 

A 

A 

0.071 

0.069 

1635. 

813. 

76. 

A 

A 

0.070 

0.071 

2035. 

1018. 

76. 

A 

A 

0.068 

0.070 

1650. 

825. 

76. 

A 

A 

0.070 

0.068 

2020. 

1004. 

76. 

A 

A 

0.069 

0.069 

2710. 

899. 

76. 

A 

A 

0.070 

0.070 

2185. 

725 . 

76. 

A 

A 

0.069 

0.070 

2245. 

748. 

76. 

A 

A 

0.071 

0.071 

2505. 

831 . 

76. 

A 

A 

0.068 

0.070 

2395. 

798. 

76. 

A 

A 

0.070 

0.070 

1895. 

627 . 

76. 

A 

A 

0.070 

0.069 

1180. 

1157, 

76. 

A 

A 

0.070 

0.070 

1265. 

1205. 

76. 

A 

A 

0.069 

0.069 

1155. 

1155. 

76. 

A 

A 

0.070 

0.070 

1140. 

1141 . 

76. 

A 

A 

0.071 

0.068 

1255, 

1232. 

76. 

A 

A 

0.069 

0.070 

1255. 

1256. 

76. 


JOINT 

EFFICIENCY 


0.4S9 

0.419 

0.393 

0.557 

0.60S 

0.553 

0.136 

0.174 

0.163 

0.131 

0.121 

0.117 

0.421 

0.407 

0.360 

0.381 

0.303 

0.383 

0.319 

0.379 

0.516 

0.410 

0.428 

0.464 

0.463 

0.356 

0.222 

0.233 

0.220 

0.214 

0.233 

0.23'J 



TABLE C-2 CONTINUED 
(B) US CUSTOMARY UNITS 


ADHEREND AVERAGE 




LAP 

LAP 

CONF 1 Q 

LAYUP 

THICKNESSES 

FAILURE 

JOINT 


JOINT 

SPECIMEN 

TEMPERATURE 

LENGTH 

WIDTH 

COOEN 

COOE« 

(IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

NUMBER 

IFl 

f IN) 

(INI 


1 

2 

1 

2 

(LBS) 

(PSD 

(KSIl 


6-7B-2-I 

70. 

2.020 

1.001 

D 

A 

A 

0.071 

0.069 

2025. 

1002. 

76. 

0.375 

6-7B-2-2 

70. 

2.000 

0.999 

D 

A 

A 

0.072 

0.070 

2025. 

1013. 

76. 

0.370 

6-7B-2-S 

70. 

2.020 

1 .000 

D 

A 

A 

0.069 

0.070 

2055. 

1018. 

76. 

0.392 

6»7B-2>4 

70. 

2.020 

1 .001 

D 

A 

A 

0.071 

0.070 

2135. 

1056. 

76. 

0.395 

6-7B-2-5 

SSO. 

2.010 

1.000 

D 

A 

A 

0.070 

0.071 

2005. 

998. 

76. 

0.377 

S-7B-2-6 

550. 

2.020 

0.999 

D 

A 

A 

0.069 

0.071 

2005. 

993. 

76. 

0.383 

6-78-2-7 

550. 

2.020 

0.999 

0 

A 

A 

0.070 

0.072 

1845. 

914. 

76. 

0.347 

8-7B-2-8 

550. 

2.020 

1 .000 

D 

A 

A 

0.071 

0.069 

1890. 

936. 

76. 

0.350 

6-7C-2-I 

70. 

3.000 

1 .002 

D 

A 

A 

0.070 

0.070 

2240. 

745. 

76. 

0.420 

6-7C-2-2 

70. 

3.030 

1 .000 

D 

A 

A 

0.070 

0.070 

2700. 

891 . 

76. 

0.508 

6-7C-2-3 

70. 

3.020 

1 .001 

0 

A 

A 

0.070 

0.070 

2440. 

807. 

76. 

0.458 

6-7C-2-4 

SSO. 

3.020 

1 .001 

D 

A 

A 

0.071 

0.069 

2505. 

829. 

76. 

0.464 

6-7C-2-5 

SSO. 

3.030 

0.999 

D 

A 

A 

0.070 

0.071 

2535. 

838. 

76. 

0.477 

6-7C-2-8 

550. 

3.010 

0.999 

D 

A 

A 

0.071 

0.071 

2380. 

791 . 

76. 

0.442 

6-6A-2-1 

70. 

1 .030 

1 .001 

E 

A 

A 

0.070 

0.069 

790. 

766. 

76. 

0.148 

6-8A-2-2 

70. 

1 .020 

1 .001 

E 

A 

A 

0.070 

0.070 

695. 

681 . 

76. 

0.130 

6-8A-2-3 

70. 

1 .020 

1 .001 

E 

A 

A 

0.071 

0.069 

750. 

734. 

76. 

0.139 

6-8A-2-4 

550. 

1 .020 

1 .001 

E 

A 

A 

0.070 

0.069 

745. 

730. 

76. 

0.140 

6-8A-2-5 

550. 

1 .000 

1 .001 

E 

A 

A 

0.070 

0.069 

695. 

695. 

76. 

0.131 

6-8A-2-6 

550. 

1 .000 

1 .000 

E 

A 

A 

0.071 

0.070 

685. 

685. 

76. 

0.127 

6-8B-2-1 

70. 

2.010 

1 .002 

E 

A 

A 

0.069 

0.070 

1T90. 

591 . 

76. 

0.227 

6-8B-2-2 

70. 

2.020 

1 .001 

E 

A 

A 

0.069 

0.069 

1205. 

596. 

76. 

0.230 

6-8B-2-3 

70; 

2.000 

1 .000 

E 

A 

A 

0.069 

0.070 

1130. 

565. 

76. 

0.215 

6-8B-2-4 

70. 

2.010 

1 .000 

E 

A 

A 

0.070 

0.070 

1195. 

595. 

76. 

0.225 

6-8B-2-S 

550. 

2.010 

1.001 

E 

A 

A 

0.069 

0.069 

1305. 

648. 

76. 

0.249 

6-8B-2-6 

550. 

2.000 

1 .001 

E 

A 

A 

0.071 

0.069 

1020. 

510. 

76. 

0.189 

6-8B-2-7 

550. 

2.020 

1.001 

E 

A 

A 

0.069 

0.070 

1270. 

626. 

76. 

0.242 

8-8B-2-8 

SSO. 

2.000 

1 .002 

E 

A 

A 

0.068 

0.071 

1065. 

531 . 

76. 

0.206 

6-8C-2-t 

70. 

3.030 

1 .001 

E 

A 

A 

0.071 

0.067 

1520. 

501. 

76. 

0.281 

6-8C-2-2 

70. 

3.000 

1 .000 

E 

A 

A 

0.069 

0.071 

1540. 

513. 

76. 

0.294 

8-8C-2-3 

70. 

3.010 

1.001 

E 

A 

A 

0.070 

0.071 

1425. 

473. 

76. 

0.268 

6-8C-2-4 

550. 

3.000 

1 .000 

E 

A 

A 

0.068 

0.070 

2025. 

675. 

76. 

0.392 

B-BC-2-5 

550. 

3.010 

1.000 

E 

A 

A 

0.068 

0.068 

1795. 

596. 

70. 

0.347 

6-8C-2-6 

550. 

3.020 

1 .001 

E 

A 

A 

0.070 

0.068 

1475. 

468. 

76. 

0.277 





TAELE C>2 CONCLUDED 
(B) US CUSTOMARY UNITS 

ADHEREND AVERAGE 


SPECIMEN 

TEMPERATURE 

LAP 

LENGTH 

LAP 

WIDTH 

CONFIG 

CODEM 

LAYUP 

CODE« 

NUMBER 

IF) 

(IN) 

(IN) 


1 

2 

6-9A-2-1 

TO. 

0.800 

1 .000 

F 

B 

B 

8-9A-2-2 

TO. 

0.800 

1.000 

F 

B 

B 

6-9A-2-3 

TO. 

0.800 

1 .000 

F 

B 

B 

6-9A-2-4 

550. 

0.800 

1.001 

F 

B 

B 

6-9A-2-5 

550. 

0.800 

1 .001 

F 

B 

B 

B-9A-2-6 

550. 

0.800 

1 .000 

F 

B 

B 

6-9B-2-1 

TO. 

1.300 

1 .001 

F 

B 

B 

B-9B-2-2 

TO. 

1 .300 

1 .002 

F 

B 

B 

6-9B-2-3 

70. 

1 .300 

1 .001 

F 

B 

B 

6-9B-2-4 

550. 

1.300 

1 .001 

F 

8 

B 

6-9B-2-5 

550. 

1.300 

0.999 

F 

B 

B 

6-9B-2-6 

550. 

1 .300 

1 .001 

F 

B 

B 


M CONFIGURATION CODE 

A s SCALLOPED ADHERENOS-SINQLE LAP 
B s SCALLOPED ADHERENOS-DOUBLE LAP 
C = SOFTENING STRIP-SINGLE LAP 
0 = FABRIC INTERFACE-SINGLE LAP 
E s BASELINE SINGLE LAP 
F s BASELINE DOUBLE LAP 

* LAYUP CODE 

A s CO,*/-45,SO]3S 
8 = t0,+/-45.90]4S 


THICKNESSES 

FAILURE 

JOINT 


JOINT 

(IN) 

LOAD 

STRESS 

FTU 

EFFICIENCY 

1 

2 

(LDS) 

(PSD 

(KSt I 


0.093 

0.093 

2455. 

3068. 

76. 

0.347 

0.094 

0.093 

2290. 

2863. 

76. 

0.321 

0.095 

0.097 

2180. 

2726. 

76. 

0.302 

0.095 

0.097 

2445. 

3053. 

76. 

0.338 

0.094 

0.094 

2450. 

3058. 

76. 

0.342 

0.095 

0.096 

2205. 

2757. 

76. 

0.305 

0.09T 

0.098 

2615. 

2009. 

76. 

0.354 

0.094 

0.094 

2595. 

1992. 

76. 

0.362 

0.094 

0.095 

2400. 

1844. 

75. 

0.336 

0.093 . 

0.093 

3040. 

2335. 

76. 

0.430 

0.094 ! 

0.095 

2830. 

2179. 

76. 

0.396 

0.094 

0.095 

2635. 

2025. 

76. 

0.369 
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